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Samenvatting 
Botrytis kan in de teelt van qxlamen ernstige schade veroorzaken. Regelmatige behandelingen met fungi-
ciden zijn in de meeste bedrijven gebruikelijk. 
Positieve ervaringen met de antagonistische schimmel Ulocladium in diverse teeltsystemen van qxlamen 
en ander gewassen in de jaren 1996-1998 gaven aanleiding tot een breder opgezet onderzoek waarin er-
naar gestreefd werd de toepassing van Ulocladium in cyclamen verder te optimaliseren. Hiervoor zijn in 
de jaren 1998 - 2000 in totaal 19 exactproeven uitgevoerd. Verder zijn in 1998 en 1999 in totaal 20 
grootschalige proeven door telers uitgevoerd om ervaring met de antagonist op te doen en de accep-
tatie van een dergelijk biologisch bestrijdingsmiddel bij telers te toetsen. 
Op grond van de sinds 1996 uitgevoerde 34 exactproeven met Ulocladium in cyclamen kan geconclu-
deerd worden dat met de als standaardbehandeling gedefinieerde vierwekelijkse toepassing op de plant 
en in het hart van de plant in het algemeen een goed bestrijdingseffect bereikt kan worden. In proeven 
uitgevoerd in 1997 is gevonden dat bij een extreem hoge ziektedruk de bescherming niet voldoende is, 
maar ook fungiciden niet effectief zijn. De combinatie van Ulocladium en fungiciden voor dit soort om-
standigheden lijkt op grond van de kennis over de resistentie van de antagonist tegen bepaalde fungi-
ciden veelbelovend. Ook de resultaten van exactproeven laten zien dat door de meestal additieve wer-
king van de twee bestrijdingsmethoden winst te behalen is. 
Een reductie van de toegepaste sporen-concentratie van de antagonist en de minder arbeidsintensieve 
toepassing alleen op de plant kan op grond van de resultaten niet aanbevolen worden. Het weersver-
loop in het najaar 1999 was niet bevorderlijk voor het optreden van Botrytis in qxlamen zodat in een 
aantal proeven een laag aantastingsniveau geconstateerd werd en uitspraken over behandelingseffecten 
vaak niet mogelijk waren of alleen trends aan te geven zijn. 
De behandeling van planten op de transportband lijkt goed mogelijk te zijn en resulteert in een bespa-
ring van arbeid en spuitvloeistof. 
Proeven met betrekking tot behandelingen van zeer jonge planten laten zien dat hierdoor geen extra-
waarde voor de jonge planten gecreëerd wordt. 
De combinatie van het planten op heuveltjes en Ulocladium resulteerde in een zeer effectieve bestrijding 
van Botrytis. Verdere proeven zijn nodig om de mogelijkheden van een dergelijke geïntegreerde benade-
ring te onderzoeken. 
De resultaten van een groot aantal telersproeven laten zien dat de vervanging van de bedrij fstypische 
fungicide-programma's door vierwekelijkse behandelingen met Ulocladium mogelijk is, zonder dat de 
door Botrytis veroorzaakte schade toeneemt. Zodra Ulocladium als biologisch bestrijdingsmiddel beschik-
baar komt, ligt de vervanging van chemische fungiciden door dit biologische middel dus voor de hand, 
ook voor telers die niet puur biologisch werken. 

1. Inleiding 
Botrytis kan in de teelt van cyclamen ernstige schade veroorzaken. Regelmatige behandelingen met fun-
giciden zijn in de meeste bedrijven gebruikelijk. 
Sinds enkele jaren wordt door Plant Research International (voormalig IPO-DLO) onderzoek gedaan 
naar mogelijkheden voor de biologische bestrijding van Botrytis. Dit onderzoek resulteerde in de selectie 
van de antagonistische schimmel Ulocladium atrum. Deze schimmel verdringt Botrytis op dood blad en 
beperkt op deze manier de verspreiding van het padiogeen binnen de plant en binnen het gewas. De 
werking van de antagonist in cyclamen is voor het eerst onderzocht in 1996 in proeven op het bedrijf 
Schoneveld, Twello, in Super Serie (1). De positieve ervaringen met Ulocladium in cyclamen en andere 
gewassen gaven aanleiding voor een breder opgezet onderzoek in diverse teeltsystemen van cyclamen 
uitgevoerd op zes Nederlandse bedrijven in het najaar van 1997 (2). De resultaten van deze proeven 
lieten zien dat Ulocladium de potentie heeft om als biologisch bestrijdingmiddel een alternatief voor toe-
passingen van fungiciden te worden. In het vervolgonderzoek, waarover in dit verslag gerapporteerd 
wordt, is gestreefd de in eerder onderzoek ontwikkelde standaard-behandeling met Ulocladium (elke vier 
weken met een concentratie van 1 x 1(K' sporen per ml) verder te optimaliseren. Hiervoor zijn in de ja-
ren 1998 - 2000 in totaal 19 exactproeven uitgevoerd. Verder zijn in 1998 en 1999 in totaal 20 groot-
schalige proeven door telers uitgevoerd om ervaring met de antagonist op te doen en de acceptatie van 
een dergelijk biologisch bestrijdingsmiddel bij telers te toetsen. In deze telersproeven is meestal de stan-
daard behandeling vergeleken met de bedrijfstypische fungicide-programma's. In enkele gevallen zijn 
ook diverse variaties van toepassingsmogelijkheden van Ulocladium onderzocht. 
1. Köhl, J., M. Gerlagh, B.H. de Haas en M. Krijger (1998). Biological control of Botrytis cinerea in 
cyclamen with Ulocladium atrum and Gliocladium roseum under commercial growing conditions. 
Phytopathology 88:568-575. 
2. Köhl, J., M. Gerlagh en G. Grit (2000). Biocontrol of'Botrytis cinerea by Ulocladium atrum in different 
production systems of cyclamen. Plant Disease 84:569-573. 

2. Exactproeven 
2.1 Materiaal en methoden 
Proefopzet 
Alle proeven zijn uitgevoerd in diverse praktijkbedrijven. Het optreden van Botrytis na diverse toepas-
singen van Ulodadium is vergeleken met het optreden van het padiogeen in een onbehandelde controle 
of in een met Tween 80 behandelde controle. Tween 80 wordt in de sporensuspensie van de antagonist 
toegevoegd om een betere verdeling van de sporen te bereiken. In vele gevallen is de behandeling met 
Ulodadium ook vergeleken met het bedrijfstypische fungicide-programma. Per behandeling zijn, afhan-
kelijk van de bedrijfstypische opstelling van de potten, 96 - 108 planten gebruikt, verdeeld over vier 
herhalingen. U/W/W/Vtfff-behandelingen zijn standaard uitgevoerd op de plant en in het hart van de plant 
(tot run off) met vers geproduceerde sporensuspensie met een standaard-concentratie van lxlO6 sporen 
per ml. Behandelingen zijn standaard gestart op circa 16 weken oude planten en zijn elke vier weken 
herhaald tot circa vier weken voor veilingtermijn. In diverse proeven zijn deze standaard behandelingen 
vergeleken met afwijkende behandelingswijzen. 
Ziekte-waarneming 
De aantasting door Botrytis is elke vier weken waargenomen. De aanwezigheid van Botrytis werd gekwan-
tificeerd door per plant alle bladeren (inclusief steel) en bloemstelen met Botrytis te tellen. De verkregen 
data zijn samengevat in de ziekte-incidentie, het percentage planten met Botrytis, en de ziekte-severity, 
het gemiddelde aantal zieke bladeren en bloemstelen per plant. 
Data-verwerking en presentatie 
De data zijn statistisch verwerkt door middel van ANOVA. In de samenvattende tabellen per proef 
zijn de F-waarden weergegeven. Voor twee-factoriele proeven zijn de resultaten van de hoofdeffecten 
weergegeven indien geen sprake was van significante interacties. Verder geven in de tabellen letters aan 
welke behandelingen (binnen hetzelfde tijdstip van ziektewaarneming) van elkaar verschillen. Bij een F-
waarde kleiner dan 0,05 is sprake van significante verschillen. Bij een F-waarde tussen 0,10 en 0,05 is 
sprake van aanwijzingen voor significante verschillen. 
2.2 Resultaten en conclusies 
Voor de presentatie van de proefresultaten zijn de proeven gegroepeerd volgens de achterliggende 
vraagstellingen van de proeven: (1) invloed van concentratie, uitvloeiers en teeltmaatregelen op het 
effect van Ulodadium atmm; (2) behandeling van cyclamenplantjes met Ulodadium atrum in een zeer vroeg 
stadium vóór het oppotten; (3) toepassing van Ulodadium atrum in combinatie met fungiciden; en (4) 
toepassing van Ulodadium atrum in zaadplanten. Naast de globale bespreking van de resultaten zijn in de 
appendix de resultaten per proef weergegeven. 
2.2.1 Invloed van concentratie, uitvloeiers en teeltmaatregelen op het effect van 
Ulocladium atrum 
Vraagstellingen 
Eerder uitgevoerd onderzoek was gericht op het optimaliseren van de toepassingsfrequentie van 
Ulocladium. Uit dit onderzoek bleek dat een vierwekelijkse toepassing vanaf ongeveer week 16 tot vier 
weken voor veilingtermijn voldoende bescherming tegen Botrytis geeft. In deze proeven werd een sus-
pensie met een concentratie van lx 106 sporen per ml gespoten. In 1998 en 1999 zijn in totaal zes proe-
ven uitgevoerd met als doel te onderzoeken of bij de genoemde spuitfrequentie een verlaging van de 
dosering mogelijk is. Dit zou economische voordelen hebben voor de productie en toepassing van een 
biologisch bestrijdingsmiddel gebaseerd op Ulocladium. 
Verder is in twee proeven gekeken of het gebruik van een nog experimentele uitvloeier KBV een ver-
betering van de werking geeft vergeleken met de standaard gebruikte uitvloeier Tween 80. Het effect 
van uitvloeiers via een verbeterde verdeling van de opgespoten sporen was nog niet eerder bestudeerd. 
In vier proeven is het effect van de toepassingswijze van de antagonist bestudeerd. Tot nu toe waren 
behandelingen van qxlamenplanten uitgevoerd door de sporensuspensies zowel op het blad als ook in 
het hart van de plant te spuiten. Deze toepassingswijze is ook gebruikelijk voor de applicatie van fungi-
ciden. Het spuiten van iedere individuele plant in het hart is echter arbeidsintensief. Doel van de proe-
ven was het effect van minder arbeidsintensieve toepassingswijzen te bestuderen. 
In één proef is de combinatie van de toepassing van Ulocladium met een mogelijke preventieve teek-
maatregel bestudeerd. In deze proef is de in één bedrijf gebruikelijke teelt van jonge cyclamenplanten in 
potten op heuvels vergeleken met de in de meeste bedrijven gangbare teelt in potten met een vlakke 
grondoppervlakte. Deze behandeling werd al dan niet gecombineerd met toepassingen van Ulocladium. 
De vraagstelling was of de teelt op heuvels een minder gunstig klimaat voor Botrytis binnen de plant 
creëert met als gevolg een geringere schade door het pathogeen en of behandelingen met Ulocladium 
onder deze omstandigheden een verdere vermindering van het aantastingsniveau tot gevolg hebben. 
Resultaten 
In de proeven gericht op een verlaging van de spuitconcentratie zijn in twee proeven heel lage aantas-
tingsniveaus door Botrytis gevonden en is er geen uitspraak over de werking van de antagonist mogelijk 
(1.1.6., Schoneveld-1999a en 1.1.8., Schoneveld-1999c). Ook in de proeven 1.1.2. (Schoneveld-1998a), 
1.1.3. (Akerboom-1999) en 1.1.4. (van der Does-1999a) was het aantastingsniveau laag zodat geen signi-
ficante behandelingseffecten aantoonbaar waren. Trendmatig hebben in deze drie proeven behande-
lingen met een concentratie van 1 x 106 sporen per ml een (niet significante) vermindering van de aan-
tasting tot gevolg. De getoetste lagere concentraties van 5 x 105 en 1 x 105 sporen per ml laten deze 
trend niet zien. In de proef 1.1.1. (van der Does-1998a) was het aantastingsniveau hoog maar is er om 
onbekende redenen geen effect van behandelingen met Ulocladium gevonden. 
In de twee proeven (1.1.3., Akerboom-1999 en 1.1.8., Schoneveld-1999c) gericht op de vervanging van 
de uitvloeier Tween 80 door KBV zijn bij lage aantastingsniveaus geen verschillen in effect tussen de 
twee uitvloeiers gevonden. 
In de proef 1.1.4. (van der Does-1999a) was bij een laag aantastingsniveau de ziekte-incidentie signifi-
cant lager dan in onbehandeld indien Ulocladium in het hart van de plant gespoten werd. Dit effect is niet 
gevonden voor behandeling alleen op de plant. Dezelfde trend is gevonden in proef 1.1.7. (Schoneveld-
1999b), maar het aantastingsniveau was heel laag en er zijn geen significante behandelingseffecten ge-
vonden. Ook in de proef 1.1.5. (Scholten-1999) zijn bij een laag aantastingsniveau geen significante 
effecten van de diverse behandelingen geconstateerd. De (automatische) behandeling van planten op de 
transportband met Ubdadium of fungiciden reduceerde de ziekte-incidentie in proef 1.1.4. (van der 
Does-1999a) significant en er zijn aanwijzingen dat ook de ziekte-severity gereduceerd werd. Deze 
methode is economisch zeer aantrekkelijk omdat er geen extra werkzaamheden voor het spuiten nodig 
zijn en weinig spuitvloeistof nodig is. 
In proef 1.1.9. (Zandvliet-1999a) is gevonden dat het optreden van Botrytis significant minder is indien 
jonge planten in potten met heuveltjes geplant worden i.p.v. het gebruikelijke oppotten in potten met 
een vlakke grondoppervlakte. Door de behandeling met Ubdadium werd in deze proef het aantastings-
niveau significant verlaagd. De combinatie van beide maatregelen gaf het beste bestrijdingsresultaat. 
Conclusies 
Op grond van de in de meeste proeven gevonden lage aantastingsniveaus zijn nauwelijks uitspraken 
mogelijk over de effecten van de diverse getoetste toepassingen van Ulodadium, zoals verlaging van 
spuitconcentratie of het wel of niet spuiten in het hart van de plant. Voor de toepassing van Ubdadium 
op de transportband is gevonden dat dit een zeer effectieve manier van toediening kan zijn. De resul-
taten van de exactproef worden door die van de telersproeven 2.14. en 2.15. (van der Does-1999a en b) 
bevestigd. Het oppotten op heuveltjes, wel of niet in combinatie met toepassingen van Ulodadium, blijkt 
een goede preventieve maatregel te zijn ter verkoming van aantasting door Botrytis. De werking is waar-
schijnlijk te verklaren door het droger microklimaat binnen de plant. 
2.2.2 Behandeling van cyclamenplantjes met Ulodadium atrum in een zeer vroeg 
stadium voor het oppotten 
Vraagstelling 
Onderzoek uitgevoerd buiten dit project heeft aangetoond dat sporen van Ulodadium op cyclamenblad 
tenminste tien weken kunnen overleven en hun antagonistisch vermogen gedurende deze periode niet 
achteruitgaat. Bespuitingen van zeer jonge planten leek dus een optie de antagonist met heel weinig 
volume en geringe arbeidskosten vóór het oppotten toe te dienen. De vroeg afstervende jonge kiem-
bladeren worden hierdoor mogelijk beschermd tegen kolonisatie door Botrytis. 
Resultaten 
Een gunstige werking van een zeer vroege bespuiting met Ulodadium was slechts in een van de drie 
uitgevoerde proeven te constateren (Proef 1.2.1., van der Does-1999b). In één proef is geen werking 
(1.2.3., Zandvliet-1999b) gevonden, en in één proef is een lichte negatieve werking gevonden (1.2.2., 
Vollebregt-1999a). 
In twee proeven is een significant bestrijdingseffect door de vierwekelijkse behandelingen met 
Ulodadium na het oppotten gevonden. In proef 1.2.2. (Vollebregt- 1999a) is bij een hoog aantastings-
niveau geen effect van behandelingen uitgevoerd na het oppotten waargenomen. 
Conclusies 
De werking van vierwekelijkse bespuitingen met Ulodadium na het oppotten is bevestigd. Alleen in situ-
aties met een ziekte-incidentie van bijna 100% en een ziekte-severity van boven de 4,0 is de werking 
van Ulodadium niet voldoende. 
Het effect van bespuitingen met Ulodadium voor het oppotten was gering en wisselvallig. Er kan gecon-
cludeerd worden dat hierdoor geen extra waarde aan de jonge planten wordt toegevoegd. 
2.2.3 Toepassing van Ulocladium atrum in combinatie met fungiciden 
Vraagstelling 
Onderzoek uitgevoerd buiten dit project heeft aangetoond dat Ulocladium niet gevoelig is voor een 
groot aantal fungiciden, waaronder Eupareen M (tolylfluanid) en Teldor (fenhexamid). Eupareen M 
wordt in cyclamen in Nederland toegepast ter bestrijding van Botrytis. Teldor is een nieuw fungicide 
tegen Botrytis waarvan de toelating in Nederland te verwachten valt. 
In de proeven 1.3.1. (van der Does-1998b) en 1.3.2. (Schoneveld-1998b) is nagegaan of de werking van 
Ulocladium in combinatie met Eupareen M verhoogd kan worden. Bij de gecombineerde toepassingen is 
Ulocladium samen met Eupareen M in de gebruikelijke en in een verlaagde concentratie in dezelfde spuit-
vloeistof gespoten. De proeven zijn gestart met een gezond gewas en er zijn vierwekelijks behandeingen 
uitgevoerd. 
In de proeven 1.3.3-1.3.5 (Vollebregt-1998, Hartink-1999, Vollebregt-1999b) is nagegaan of in een door 
Botrytis aangetast gewas de verdere ontwikkeling van de ziekte gestopt kan worden door één bespuiting 
met Teldor en door de gelijktijdige toepassing van Ulocladium voorkomen kan worden dat de ziekte zich 
opnieuw in het gewas gaat vestigen. 
Resultaten 
In een van de twee proeven met een gecombineerde toepassing van Ulocladium en Eupareen M is om 
onbekende redenen geen bestrijdingseffect gevonden na toepassingen van Ulocladium, maar ook niet 
van Eupareen M al dan niet in combinatie met Ulocladium (Proef 1.3.1., van der Does-1998b). In de 
tweede proef was het aantastingsniveau vrij laag (Proef 1.3.2., Schoneveld-1998b), maar er zijn signi-
ficante effecten van Ulocladium en Eupareen M aangetoond. Er zijn geen interacties tussen de behan-
deling met Ulocladium en Eupareen M gevonden zodat de bestrijdingseffecten waarschijnlijk additief 
zijn. Een goede uitspraak hierover zal alleen op grond van proeven met een hoger aantastingsniveau 
mogelijk zijn. 
In twee van de drie proeven met gecombineerde toepassing van Ulocladium en Teldor na geconstateerde 
Botrytis-zan tas ting zijn behandelingseffecten door behandelingen met Ulocladium of met Teldor gevon-
den. In proef 1.3.3. (Vollebregt-1998) was geen sprake van interactie, het effect van Ulocladium en 
Teldor toegepast in combinatie was dus additief. In proef 1.3.4. (Hartink-1999) was wel sprake van 
interactie. De werking van de combinatie was minder dan de som van de effecten van enkele behan-
delingen. 
In de derde proef 1.3.5. (Vollebregt- 1999b) was het aantastingsniveau bij proefbegin heel hoog en er 
was geen effect aantoonbaar van behandelingen met Ulocladium en/of Teldor. 
Conclusies 
Zowel de resultaten van de proeven met Eupareen M als ook van de proeven met Teldor laten nog 
geen duidelijke conclusies toe over mogelijke voordelen van gecombineerde toepassingen. 
De proeven met de gecombineerde toepassing van Ulocladium en Teldor zijn bewust ingezet in zieke 
gewassen met als doel de combinatie te gebruiken als een curatieve bestrijding door Teldor met een 
aansluitende preventieve werking door Ulocladium. Gezien het veronderstelde werkingsmechanisme van 
Ulocladium, voedselcompetitie, was geen sterk effect op de ziekte van enkele behandelingen met 
Ulocladium in een ziek gewas te verwachten. In de twee proeven met een ziekte-severity van 1,5 tot 1,8 
aan het begin van de proef zijn echter significante bestrijdingseffecten door toepassing van Ulocladium 
alleen gevonden. Deze resultaten geven aan dat Ulocladium niet alleen bescherming kan bieden na een 
vroegtijdige preventieve toepassing in een gezond gewas, maar ook in gewassen waarin Botrytis al 
aanwezig is. 
2.2.4 Toepassing van Ulocladium atrum in zaadplanten 
Vraagstelling 
In zaadplanten moet gezien de lange teeltperiode, de dichtheid van de planten en de aanwezigheid van 
van nature afgestorven blad in de plant altijd met een hoog risico op Bo/zj/Àr-aantasting gerekend wor-
den. In de praktijk zijn het regelmatige opschonen van de planten en regelmatige behandelingen met 
fungiciden gebruikelijk om verliezen van waardevolle zaadplanten veroorzaakt door Botrytis te beper-
ken. Bij het opschonen worden dode bladeren die een springplank vormen voor Botrytis om de plant te 
infecteren handmatig verwijderd. Doel van de proeven was te onderzoeken of LVotvW/V/w-toepassingen 
het effect van het handmatige opschonen kunnen ondersteunen of zelfs overbodig kunnen maken. 
Resultaten 
In proef 1.4.1. (Keulen-1999) werd een voor zaadplanten laag aantastingsniveau door Botrytis gevonden. 
Dit niveau werd niet verder verlaagd door toepassing van Ulocladium. Opvallend is dat fungicide-toepas-
singen geen bestrijdingseffect op Botrytis hadden. Voor de waarneming in weken 44 en 7 is zelfs een sig-
nificante toename van de ziekte-incidentie of ziekte-severity na fungicidebehandelingen gevonden ver-
geleken met de Ulocladium-behandekng. In de proef 1.4.2. (Schonevelt-1999d) was een duidelijk effect 
van het opschonen van planten te constateren. Door behandeling van de zaadplanten met Ulocladium is 
op al dan niet opgeschoonde planten een vermindering van de Bo/r^/V-aantasting waargenomen. Dit 
effect was echter niet significant. Er is geen interactie tussen de behandelingen opschonen en bestrij-
ding geconstateerd dat wil zeggen dat de effecten van opschonen en behandelingen met Ulocladium 
additief lijken. Evenzo als in proef 1.4.1 was de toepassing van fungiciden even effectief of minder 
effectief vergeleken met Ulocladium. 
Conclusies 
Op grond van de resultaten van de twee proeven zijn nog geen duidelijke conclusies te trekken. Er is 
een trend gevonden dat behandelingen met Ulocladium het effect van opschonen kunnen ondersteunen 




3.1 Materiaal en methoden 
In het najaar 1998 zijn 11 proeven en in het jaar 1999 zijn 9 proeven door telers uitgevoerd. Sporen-
suspensies van Ulocladium zijn voor elke behandeling vers opgestuurd. De proeven zijn niet in herha-
lingen uitgevoerd en in de meeste gevallen was geen onbehandelde controle aanwezig. Een statistische 
verwerking van de gegevens was daarom niet voorzien. De toepassing van Ulocladium was in alle telers-
proeven veel grootschaliger dan in de eerder beschreven exactproeven. In de meeste gevallen zijn be-
handelingen van hele tafels met enkele duizenden planten uitgevoerd. 
De aan het eind van de teelten waargenomen ziekte-incidenties en ziekte-severities zijn gebaseerd op 
waarnemingen aan honderd planten per behandeling. Deze honderd planten zijn een systematische 
steekproef uit in de meeste gevallen enkele duizenden planten per behandeling. De ziekte-incidentie is 
het percentage planten waarop Botrytis is waargenomen. De ziekte-severity is het gemiddelde aantal 
door Botrytis aangetaste bladeren of bloemstelen per plant. 
In alle proeven is Ulocladium gespoten in een gestandaardiseerde concentratie (1 x 10r' sporen per ml). 
Op grond van resultaten van eerder onderzoek zijn in de meeste proeven de bespuitingen begonnen op 
planten met een leeftijd van 16 weken en zijn gestopt circa vier weken voor veilingtermijn met een 
spuitfrequentie van vier weken. In de proeven Vollebregt-1998a en Zandvliet-1998 zijn de toepassings-
tijdstippen gevarieerd met als doel het aantal nodige bespuiüngen te verlagen. 
3.2 Resultaten 
De proeven zijn voornamelijk uitgevoerd in kassen waar op grond van ervaring regelmatig met het 
optreden van schade door Botrytis te rekenen is. In deze kassen worden fungiciden routinematig toe-
gepast. 
In de meeste gevallen zijn geen verschillen gevonden voor het optreden van Botrytis na toepassingen 
van fungiciden of Ulocladium. Dit was ook het geval in proeven met een relatief hoog aantastingsniveau 
zoals in de proeven Bruinen-1999a en b. Soms werd ook een betere bestrijding door Ulocladium dan 
door fungiciden gevonden zoals in de proef van der Does-1999a. Alleen in de proef Scholten-1998 is 
een duidelijk slechter bestrijdingseffect in week 50 te zien na toepassing van Ulocladium vergeleken met 
fungicide-toepassingen. In deze proef zijn de bespuitingen met Ulocladium te vroeg gestopt in week 39, 
maar behandelingen met fungiciden zijn nog in week 41 en 47 uitgevoerd. 
In de proef Schoneveld-1998 met zaadplanten was er geen verschil in Bo//jftf-aantasting te zien tussen 
planten die met Ulocladium of met fungiciden behandeld werden. In zaadplanten was uit ervaring een 
hoge aantasungsdruk te verwachten. 
In enkele kassen zijn geen fungicide-behandelingen uitgevoerd omdat geen groot risico op schade door 
Botrytis verwacht werd. In de proeven Vollebregt-1998a en Noordam-1999 was de aantasting door 
Botrytis laag en zijn er geen aanwijzingen voor behandelingseffecten door Ulocladium gevonden. In de 
proef Hartink-1998 zijn bij een hoog aantastingsniveau in twee van de drie gevallen bestrijdingseffecten 
door behandelingen met Ulocladium gevonden. 
In geen van de 20 proeven zijn negatieve effecten van Ulocladium op de plantenonrwikkeling of de pro-
ductkwaliteit geconstateerd. Ook was er geen sprake van ongewenste residuen op bladeren. 
12 
3.3 Conclusies 
De ervaringen met toepassingen van Ulocladium op bedrij fschaal zijn positief. De gevonden effecten 
tegen Botrytis zijn in het algemeen vergelijkbaar met de werking van de op de bedrijven gehanteerde 
fungicide-programma's. De resultaten van de proeven zijn statistisch niet te verwerken en in de meeste 
gevallen ontbreekt de onbehandelde controle vanwege het hoge risico op schade. Een schatting van het 
precieze bestrijdingseffect van behandelingen met Ulocladium of fungiciden is daarom niet mogelijk. 
Desondanks zijn de behaalde resultaten bijzonder waardevol omdat de proeven grootschalig door telers 
zelf zijn uitgevoerd onder diverse bedrijfssituaties met meestal een te verwachten hoge ziektedruk. 
Op grond van de door de telers opgedane ervaringen kan van een hoge acceptatie van een biologisch 
bestrijdingsmiddel op basis van Ulocladium'm de cyclamenteelt uitgegaan worden. 
13 
4. Discussie en aanbevelingen 
Op grond van de sinds 1996 uitgevoerde 34 exactproeven met Ulocladium in q'clamen is brede kennis 
aanwezig over de mogelijkheden van toepassingen van de antagonist in dit gewas. Er kan geconclu-
deerd worden dat met de als standaardbehandeling gedefinieerde vierwekelijkse toepassing op de plant 
en in het hart van de plant in het algemeen een goed bestrijdingseffect bereikt kan worden. In proeven 
uitgevoerd in 1997 is gevonden dat bij een extreem hoge ziektedruk de bescherming niet voldoende is, 
maar ook fungiciden niet effectief zijn. De combinatie van Ulocladium en fungiciden voor dit soort om-
standigheden lijkt op grond van de kennis over de resistentie van de antagonist tegen bepaalde fungi-
ciden veelbelovend. Ook de resultaten van exactproeven laten zien dat door de meest additieve werking 
van de twee bestrijdingsmethoden winst te behalen is. 
Een reductie van de toegepaste sporen-concentratie van de antagonist en de minder arbeidsintensieve 
toepassing alleen op de plant kan op grond van de resultaten niet aanbevolen worden. Het weersver-
loop in het najaar 1999 was niet bevorderlijk voor het optreden van Botrytis in cyclamen zodat in een 
aantal proeven een laag aantastingsniveau geconstateerd werd en uitspraken over behandelingseffecten 
vaak niet mogelijk waren of alleen trends aan te geven zijn. 
De behandeling van planten op de transportband lijkt goed mogelijk te zijn en resulteert in een bespa-
ring van arbeid en spuitvloeistof. 
De proeven met betrekking tot behandelingen van zeer jonge planten laten zien dat hierdoor geen 
extra-waarde voor de jonge planten gecreëerd wordt. 
De combinatie van het planten op heuveltjes en Ulocladium resulteerde in een zeer effectieve bestrijding 
van Botrytis. De integratie van deze preventieve teeltmaatregel en biologische bestrijding is echter alleen 
in één proef getoetst. Verdere proeven zijn nodig om de mogelijkheden van een dergelijke geïntegreerde 
benadering te onderzoeken. 
De resultaten van een groot aantal telersproeven laten zien dat de vervanging van de bedrij fstypische 
fungicide-programma's door vierwekelijkse behandelingen met Ulocladium mogelijk is, zonder dat de 




Dit project werd gefinancierd door het Productschap Tuinbouw. Alleen door de zeer coöperatieve 
ondersteuning door de LTO-werkgroep Cyclamen en de bereidheid van een groot aantal telers proeven 
op hun bedrijven uit te voeren was het mogelijk het project te realiseren. Verder waren betrokken bij 
het uitvoeren van het project B.H. de Haas, H.M. Goossen-van de Geijn, P. Kastelein en 
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1. Resultaten exactproeven 
l.i Invloed van concentratie, uitvloeiers en 
teeltmaatregelen op het effect van Ulocladium atrum 







Zijn lage doseringen van Ulocladium werkzaam? 
Ulocladium, Tween 80 (week 38, 42, 46 en 50); fungicide (Rovral in week 51) 
Mini Anglia 
geen 
week 42, 46, 50, 2/99 
Het aantastingsniveau was hoog genoeg om mogelijke behandelingseffecten 
aan te kunnen tonen. Er zijn geen bestrijdingseffecten door behandelingen 
met Ulocladium in de gebruikelijke of lagere concentraties waargenomen. De 















- - -o - - - controle 
. . . r j . . . Tween80 
• • •o- - - fungicide 







42 46 50 54 
Weeknummer 
Figuur 1.1.1 Ziekte-severity (Aantal ~jeke bladeren per plant) exactptvej van der Does-1998a. 
1-4 
Tabel 1.1.1 Resultaten exactproej'van der Does-)998a. 




U. at rum lx l O5 
U. atmm 5x10* 





U. atrum lxlO5 
U. atrum 5x105 





U. atrum lx l O5 
U. atrum 5xl05 
U. atrum lx l O6 
fungicide 
week 2 /99 
controle 
Tween 80 
U. atrum lxlO5 
U. atrum 5xl05 






































































































Zijn lage doseringen van Ulocladium werkzaam ? 
Ulocladium, Tween 80 (week 29, 33 en 37); fungicide (Rovral in week 33 en 
Sumico in week 38) 
Super Serie Compact 
geen 
week 33, 37 en 41 
Het niveau van aantasting in de proef was heel laag. Behandelingen met 
U. atrum in de gebruikelijke concentratie (1 x 10* sporen per ml) en de ge-
halveerde concentratie hadden evenals de fungicidebehandeling een reductie 
van de aantasting met 50% tot gevolg. Deze behandelingseffecten waren 


































Figuur 1.1.2 Ziekte-severity (Aantal ~ieke bladeren per plant) exactproef Scboneveld-1998a. 
Tabel 1.1.2 Resultaten exactproef Schoneveld-1998a. 




C7. atrum lxlO5 
U. atrum 5x105 





^ U. atrum lx l0 5 
U. atrum 5\\05 





U. atrum lxl O5 
U. atrum 5xl05 













































































Zijn lage doseringen van Ulodadium werkzaam? 
Is de werking van Ulodadium te verbeteren door gebruik van de uitvloeier 
KBV i.p.v. Tween 80? 
Ulodadium met 3 concentraties, elk met Tween 80 en uitvloeier KBV 
(week 31, 35 en 39) 
Latina 
geen 
week 35, 39 en 43 
Het aantastingsniveau was laag. Een behandelingseffect door Ulodadium is in 
week 39 gevonden voor de gebruikelijke concentratie en een kwart van deze 
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Figuur 1.1.3 Ziekte-severity (Aantal zieke bladeren per plant) exactproefAkerboom-1999. 
Tabel 1.1.3 Resultaten exactproef Akerboom-1999. 







U. atrum 0,25xl06 
U. atrum 0,5x10* 







U. atrum 0,25x106 
U. atrum 0,5xl06 







U. atrum 0,25s.W< 
U. atrum 0,5xl06 






















































































1.1.4 van der Does-1999a 
Vraagstellingen: Zijn lage doseringen van Ulocladium werkzaam? 
Wat is het effect van de wijze van toediening van Ulocladium? 
Behandelingen: Ulocladium (week 8 en 12) met 3 verschillende concentraties gespoten in het 
hart en op de plant (standaardmethode), in het hart van de plant, alleen op 
de plant of alleen op de plant op een transportband tijdens het wijderzetten; 







week 12 en 16 
De (automatisi che) behandeling van planten op de transportband met 
Ulocladium of fungiciden reduceerde de ziekte-incidentie significant en er zijn 
aanwijzingen dat ook de ziekte-severity gereduceerd werd. Deze methode is 
economisch zeer aantrekkelijk omdat er geen extra werkzaamheden voor het 
spuiten nodig zijn en weinig spuitvloeistof nodig is. Van de andere behan-
delingen met Ulocladium zijn vooral bespuitingen van het hart van de plant 
succesvol. 
Tabel 1.1.4 Resultaf en exactprvef van der Does- 1999a. 




U. atrum lxlO6 hart en plant 
U. atrum 0,5xl06 hart en plant 
U, atrum 0,25x10*"' hart en plant 
U. atrum 0,1x106 hart en plant 
U. atrum 0,5x106 hart 
U. atrum 0,5xl06 op plant 





U. atrum lxlO6 hart en plant 
U. atrum 0,5xl06 hart en plant 
U. atrum 0,25xl06 hart en plant 
U. atrum O.lxlO6 hart en plant 
U. tf//7«*0,5xl06hart 
U. atrum 0,5xl06 op plant 




























































































Ziek tewaarn eming: 
Resultaten: 
Wat is het effect van de wijze van toediening van Ulocladium? 
Ulocladium (week 30, 34, 38, 42 en 46) gespoten in het hart en op de plant 
(standaardmethode), op de plant of in het hart van de plant; Tween 80 (week 




week 34, 38, 42, 46 en 50 
Het aantastingsniveau was laag. Er is geen significant effect door behande-
lingen met Ulocladium of fungiciden geconstateerd. Alleen op latere waar-
nemingstijdstippen is er een trend dat de behandelingen met Ulocladium een 
lagere severity van Botrytis tot gevolg hebben vergeleken met planten die met 
















•••o-- - controle 
• U. atrum op plant 
...o---fungicide 
fi" 
34 38 42 46 
Weeknummer 
50 
Figuur 1.1.5 Ziekte-severity (Aantal t^ieke bladeren per plant) exactproef'Scholten-1999. 
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U. atrum hart 
U. atrum op plant 




U. atrum hart 
U. atrum op plant 




U. atrum hart 
U. atrum op plant 




17. atrum hart 
U. atrum op plant 




U. atrum hart 
U. atrum op plant 


























































































































Vraagstellingen: Zijn lage doseringen van Uhcladium werkzaam? 
Wat is het effect van de wijze van toediening van Uhcladium? 
Behandelingen: Uhcladium (week 7, 11 en 15) met 3 concentraties, gespoten in het hart en op 
de plant (standaardmethode), op de plant of in het hart van de plant; Tween 
80 ( week 7,11 en 15) en fungicide (week 1 Sportak, week 9 Eupareen, week 
15 Sumico en week 17 Rovral) 
Assortiment: Super Serie Compact 
Opmerkingen: Omdat er vrijwel geen Botrytis aantasting was zijn de data van deze proef niet 
statistisch verwerkt. 
Ziektewaarneming: week 11 en 15 
Resultaten: Er is vrijwel geen aantasting door Botrytis geconstateerd. Uitspraken over 
eventuele behandelingseffecten zijn niet mogelijk. 





U. atrum lxlO6 hart en plant 
U. atrum 0.5xl06 hart en plant 
U. atrum 0.25xlOf' hart en plant 
U. atrum 0.1x106 hart en plant 
U. atrum 0.5x\O6 hart 





U. atrum lxlO6 hart en plant 
U. atrum 0.5xl0f> hart en plant 
U. atrum 0.25xl06 hart en plant 
U. atrum 0.1x106 hart en plant 
17. atrum O.SxlO6 hart 
















































Wat is het effect van de wijze van toediening van Ulocladium ? 
Ulocladium (week 29, 33, 37 en 40) gespoten in het hart en op de plant (stan-
daardmethode), of tijdens de laatste 3 bespuitingen op de plant of in het hart 
van de plant; Tween 80 ( week 29, 33, 37 en 40) en fungicide (bedrijfspro-
gramma). 
Super Serie Compact 
geen 
week 33, 37, 40 en 44 
Het aantastingsniveau was laag. Er zijn geen significante effecten door 
behandelingen met Ulocladium of fungiciden aan het eind van de proef 
geconstateerd. De waarnemingen in week 40 en 44 laten een trend zien dat 
behandelingen met Ulocladium in het hart tot een lagere Bö/{}//j"-aantasting 
leiden. Voor behandelingen met fungiciden is geen trend te zien. 
Weeknummer 
Figuur 1.1.7 Ziekte-severity (Aantal %eke bladeren per plant) exactproef Schoneveld-1999 b. 
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U. atrum hart 
U. atrum op plant 




U. atrum hart 
U. atrum op plant 




U. atrum hart 
U. atrum op plant 




U. atrum hart 
13. atrum op plant 
























































































Zijn lage doseringen Ulodadium werkzaam? 
Is de werking van Ulodadium te verbeteren door de uitvloeier KBV i.p.v. 
Tween 80? 
Ulodadium met 3 concentraties, elk met Tween 80 en uitvloeier KBV 
(week 29, 33, 37 en 40). 
Super Serie Compact 
geen 
week 33, 37, 40 en 44 
Het aantastingsniveau was laag. Er zijn geen effecten door de behandeling 
met Ulodadium geconstateerd. Voor de laatste waarnemingen in week 44 is er 
een aanwijzing gevonden voor een lagere aantasting door Botrytis bij toe-
passing van de uitvloeier KBV vergeleken met Tween 80. Een verdere 
behandeling met Ulodadium zonder een van de uitvloeiers (niet in Tabel 
1.1.8. weergegeven) gaf geen verschil met de behandeling met Ulodadium 





















- - • * • - • controle / 
32 36 40 44 
Weeknummer 
Figuur 1.1.8 Ziekte-severity (Aantal %'eke bladeren per plant) exactproej"Sdjoneve/d-1999c. 
Tabel 1.1.8 Resultaten exactproef Schoneveld-1999c 
I - 1 5 







U. atrum 0,25x10« 
U. atrum 0.5xl0rt 







U. atntm 0,25xl0(' 
U. atrum 0.5xl06 







U. atrum 0,25x106 
ü . atrum 0.5xl06 







U, atrum 0,25xW' 
U. atrum 0.5xW> 







































































































Creëert oppotten van cyclamen in potten 'op een heuveltje' een zodanig 
gunstig microklimaat dat de aantasting door Botrytis minder is vergeleken met 
het gangbare oppotten in potten met een vlakke grondoppervlakte? Wat is 
het effect van behandelingen met Ulodadium bij de twee manieren van op-
potten? 
wel of niet planten op heuveltje; Ulodadium (week 52, 4/2000, 8 en 12) 
Super Serie 
geen 
week 4, 8, 12 en 16 
Na het oppotten van jonge planten op heuveltjes is een significant lager 
aantastingsniveau door Botrytis geconstateerd vergeleken met de gangbare 
manier van oppotten. Door de behandeling met Ulodadium was het aan-
tastingsniveau significant lager vergeleken met de onbehandelde controle. 
Tussen de effecten van de manier van oppotten en de behandeling met 
Ulodadium zijn geen interacties gevonden. De effecten vullen elkaar aan; de 
methoden zijn goed te combineren: De ziekte-severity van onbehandelde 
planten opgepot in potten met vlakke grond was in week 16 3,0 maar van 

















































• •••••• onbehandeld 
» U. at rum 
. 
•' 
• •••*" ^* 
t\ 






Figuur 1.1.9 Ziekte-severity (Aantal ~ieke bladeren per plant) exactproef Zandvliet-]'999a. A. Effect van het 
oppotten in potten met vlakke grondoppervlakte of met een grondbeuveltje. B. Effect van behandelingen 
wel of niet met Ulodadium. 
1-17 
Tabel 1.1.9 Resultaten exactprvef Zandvliet-1999a. 






























































































1.2 Behandeling van cyclamenplantjes met Ulocladium 
atrum in een zeer vroeg stadium voor het oppotten 







Heeft een vroege behandeling van zeer jonge cyclamen, al dan niet in combi-
natie met latere bespuitingen met Ulocladium, een effect op aantasting door 
Botrytis ? 
Ulocladium wel of niet op jonge plantjes (week 25); Ulocladium (week 29, 33 en 
37); Tween 80 (week 29, 33 en 37); fungicide (Rovral week 32, 35 en 40) 
Super Serie 
geen 
week 33, 37 en 41 
Vierwekelijkse bespuitingen met Ulocladium na het oppotten leidden tot een 
significante reductie van het optreden van Botrytis. Het effect was geringer 
dan het effect van behandelingen met fungiciden. Het effect van bespui-
tingen van jonge planten ruim voor het oppotten had een geringer effect op 
het optreden van Botrytis, maar een significante reductie van de ziekte-
severity als gevolg van een vroege behandeling Ulocladium was aantoonbaar 
voor de laatste waarneming in week 41. 
3 • 
T3 
• • • • • voor oppotten onb. 










- - -Q • • na oppotten onb. 




Figuur 1.2.1 Ziekte-severity (Aantal v^eke bladeren per plant) exactproef van der Does-1999b. A. Effect van 
behandeling met Ulocladium voor bet oppotten. B. Effect van behandelingen met Ulocladium na het 
oppotten. 
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Tabel 1.2.1 Resultaten esactproef van der Does-199%. 
Behandeling 
week 33 
Effect Bespuiting voor oppotten 
onbehandeld 
U. atrum week 25 
Effect Bespuiting na oppotten 
onbehandeld 
U. atrum week 29, 33en 37 
fungicide 
week 37 
Effect Bespuiting voor oppotten 
onbehandeld 
U. atrum week 25 
Effect Bespuiting na oppotten 
onbehandeld 
U. atrum week 29, 33 en 37 
fungicide 
week 41 
Effect Bespuiting voor oppotten 
onbehandeld 
U. atrum week 25 
Effect Bespuiting na oppotten 
onbehandeld 














































































Heeft een vroege behandeling van zeer jonge cyclamen, al dan niet in combi-
natie met latere bespuitingen met Ulodadium, een effect op aantasting door 
Botrytis ? 
Ulodadium wel of niet op jonge plantjes (week 25); Ulodadium (week 29, 33, 
37 en 41 of week 33, 37 en 41) 
Super Serie 
Er zijn geen fungicidebehandelingen uitgevoerd door het bedrijf gedurende 
de proef. 
week 33, 37, 41 en 44 
Bij een hoog ziekteniveau leidden vierwekelijkse bespuitingen met Ulodadium 
na het oppotten alleen voor week 41 tot een significante reductie van het 
optreden van Botrytis. Het effect van bespuitingen van jonge planten ruim 
voor het oppotten in week 25 had een stimulerende werking op de Botrytis-
severity, die zelfs in week 44 nog als significant aantoonbaar was. 
X ) 
• -o- • • • voor oppotten onb. 
• voor oppotten U. atrum 






• o •-• na oppotten onb. 
• na oppotten 4x U. atrum 
• na oppotten 3x U. atrum 
37 41 45 
Weeknummer 
Figuur 1.2.2 Ziekte-severity (Aantal\ieke bladeren per plant) exactproefVollebregt-1999a. A. Effect van 
behandeling met Ulodadium voor het oppotten. B. Effect van behandelingen met Ulodadium na het 
oppotten. 
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Tabel 1.2.2 Resultaten exactproefVollebregt-1999a. 
Behandeling Ziekte-incidentie Ziekte-severity 
week 33 
Effect Bespuiting voor oppotten 
onbehandeld 
U. atrum week 25 
Effect Bespuiting na oppotten 
onbehandeld 
U. atrum week 29, 33, 37 en 41 
U. atrum week 33, 37 en 41 
week 37 
Effect Bespuiting voor oppotten 
onbehandeld 
U. atrum week 25 
Effect Bespuiting na oppotten 
onbehandeld 
U. atrum week 29, 33, 37 en 41 
U. atrum week 33, 37 en 41 
week 41 
Effect Bespuiting voor oppotten 
onbehandeld 
U. atrum week 25 
Effect Bespuiting na oppotten 
onbehandeld 
U. atrum week 29, 33, 37 en 41 
U. atrum week 33, 37 en 41 
week 44 
Effect Bespuiting voor oppotten 
onbehandeld 
Ü. atrum week 25 
Effect Bespuiting na oppotten 
onbehandeld 
U. atrum week 29, 33, 37 en 41 









































































































Heeft een vroege behandeling van zeer jonge cyclamen, al dan niet in combi-
natie met latere bespuitingen met Ulocladium, een effect op aantasting door 
Botrytis ? 
Ulocladium wel of niet op jonge plantjes (week 25); Ulocladium (week 29, 33, 
37 en 41 of week 33, 37 en 41); fungicide bedrijfs- toepassing (week 31 
Eupareen; week 44 Rovral) 
Super Serie 
geen 
week 33, 37, 41 en 44 
Vierwekelijkse bespuitingen met Ulocladium na het oppotten leidden tot een 
significante reductie van het optreden van Botrytis aan het eind van de proef 
in week 44. Het effect was vergelijkbaar met het effect van behandelingen 
met fungiciden. Een effect van bespuitingen van jonge planten ruim voor 
het oppotten in week 25 was alleen in week 37 waar te nemen. Het optreden 
van Botrytis was toen na de vroege bespuiting met Ulocladium gestimuleerd. 
Dit nadelige effect is echter op latere waarnemingstijdstippen niet gevonden. 
< 
-•©••••voor oppotten onb. 






• O - n a oppotten onb. 
- • — na oppotten 4x U. atrum 




Figuur 1.2.3 Ziekte-severity (Aantal %eke bladeren per plant) exactproef Zandvliet-1999. A. Effect van behandeling 
met Ulocladium voor het oppotten. B. Effect van behandelingen met Ulocladium na het oppotten. 
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Tabel 1.2.3 Resultaten exactproefZandvliet-1999b. 
Behandeling Ziekte-incidentie Ziekte-severity 
week 33 
Effect Bespuiting voor oppotten 
onbehandeld 
U. atrum week 25 
Effect Bespuiting na oppotten 
onbehandeld 
U. atrum week 29, 33, 37 en 41 
U. atrum week 33, 37 en 41 
fungicide 5,2 0.5 
week 37 


























U. atrum week 25 
Effect Bespuiting na oppotten 
onbehandeld 
U. atrum week 29, 33, 37 en 41 
U. atrum week 33, 37 en 41 
fungicide 
week 41 
Effect Bespuiting voor oppotten 
onbehandeld 
U. atrum week 25 
Effect Bespuiting na oppotten 
onbehandeld 
U. atrum week 29, 33, 37 en 41 



















































fungicide 63,5 1,1 
week 44 
Effect Bespuiting voor oppotten 
onbehandeld 
U. atrum week 25 
Effect Bespuiting na oppotten 
onbehandeld 
U. atrum week 29, 33, 37 en 41 





























1.3 Toepassing van Ulocladium atrum in combinatie met 
fungiciden 







Is de werkzaamheid van U. atrum te verhogen door de gecombineerde toe-
passing met Eupareen M? 
Ulocladium, Eupareen M, Tween 80 (week 38, 42, 46 en 50) 
fungicide 1 x (Rovral in week 51) 
Mini Anglia 
geen 
week 42,46, 50, 2/99 
De behandeling met U. atrum resulteerde evenals de behandeling met 
Eupareen M in een geringe reductie van de ziekte-severity. De verschillen 
waren echter niet significant voor de laatste waarneming in week 2/99. Er is 
geen additief effect van de combinatie U. atrum en Eupareen M te consta-
teren. Een reden voor de matige werking van U. atrum en van Eupareen M 













» "EupareenM0,1 gA 
- * — Eupareen M 1 gA 
42 46 50 
Weeknummer 
54 
Figuur 1.3.1 Ziekte-severity ÇAantal ^ ieke bladeren per plant) exactproef vàn der Does-1998b. A. Effect 
Ulocladium. B. Effect Eupareen M. 
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Effect Eupareen M 
onbehandeld 
Eupareen M 0,1 g/L 






Effect Eupareen M 
onbehandeld 
Eupareen M 0,1 g/L 






Effect Eupareen M 
onbehandeld 
Eupareen M 0,1 g/L 






Effect Eupareen M 
onbehandeld 
Eupareen M 0,1 g/L 





















































































































Is de werkzaamheid van U. atrum te verhogen door de gecombineerde toe-
passing met Eupareen M? 
Ulocladium, Eupareen M, Tween 80 (week 29, 33 en 37); fungicide (Rovral 
in week 33 en Sumico in week 38) 
Super Serie Compact 
geen 
week 33,37,41 
Het niveau van aantasting in de proef was heel laag. Op het laatste waarne-
mingstijdstip in week 41 is een significant effect van de behandeling met 
Ulocladium aantoonbaar. Het effect van Eupareen M in week 41 is echter 
sterker. Er is geen sprake van interactie tussen de behandelingen met 
Ulocladium en Eupareen M. Fungicidebehandeüngen volgens het bedrij fs-
























» Eupareen M 0,1 g/L 




Figuur 1.3.2 Ziekte-incidentie (Percentageplanten met Botrytis,) exactproef Schoneveld-1998b. A. Effect van 
Ulocladium. B. Effect van Eupareen Al. 
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Tabel 1.3.2 Resultaten exactproef Schoneveld-1998b. 





Effect Eupareen Af 
onbehandeld 
Eupareen M 0,1 g/L 













Effect Eupareen M 
onbehandeld 
Eupareen M 0,1 g/L 






Effect Eupareen AI 
onbehandeld 
Eupareen M 0,1 g/L 















































Is in een aangetast gewas Botrytis met het fungicide Teldor (fenhexamide) te 
stoppen en met een gelijktijdig toegepaste behandeling met Ulocladium de 
verdere ziekte-ontwikkeling te vertragen? 
Ulocladium en Teldor in week 46 
Pastel gefranjerd 
geen 
week 46 en 50 
Het gewas was bij proefbegin in week 46 matig aangetast met een ziekte-
incidentie van 76,8 en een ziekte-severity van 1,5. Behandelingen met 
Ulocladium en/of Teldor hadden een reductie van de ziekte-incidentie in 
week 50 tot gevolg. Voor Teldor was dit effect significant. De reductie van 
de ziekte-severity met 50 % was voor behandelingen met Ulocladium en /o f 
Teldor significant. Er is geen interactie tussen de behandelingen met 
Ulocladium en Teldor gevonden. Dat uil zeggen dat Ulocladium ook in een 
ziek gewas werkzaam was zonder extra steun door een fungicide, maar de 
effecten van gecombineerde behandelingen wel additief waren. Gezien het 
verondersteld werkingsmechanisme (voedselcompetitie) van Ulocladium was 
een effect in een ziek gewas niet te verwachten. ' 
Tabel 1:3.3 Resultaten exactproef Vollebregt-1998. 







Teldor 0,1 g/L 































Is in een aangetast gewas Botrytis met het fungicide Teldor (fenhexamide) te 
stoppen en met een gelijktijdig toegepaste behandeling met Ulodadium de 
verdere ziekte-ontwikkeling te vertragen? 
Ulodadium, Tween 80 en Teldor in week 42 
Laser rood Fl 
geen 
week 42 en 47 
O p het tijdstip van de behandelingen in week 42 was het gewas aangetast 
met een ziekte-incidentie van 69,3 en een ziekte-severity van 1,8. De behan-
delingen met Ulodadium en/of Teldor hadden in week 47 een significante 
reductie van de ziekte-incidentie en de ziekte-severity tot gevolg. Dit geldt 
ook voor behandelingen met alleen Ulodadium wat gezien het veronderstelde 
werkingsmechanisme niet te verwachten was. Tussen de effecten van behan-
delingen met Ulodadium en Teldor zijn interacties aangetoond. De werking 
was in combinatie niet additief, maar het effect van Teldor leek in aanwezig-
heid van Ulodadium af te nemen. Dit effect was onverwacht. 





Teldor 0,1 g/L 
Teldor 1 g /L 
U. atrum + Teldor 0,1 g/L 














































Is in een aangetast gewas Botrytis met het fungicide Teldor (fenhexamide) te 
stoppen en met een gelijktijdig toegepaste behandeling met Ulodadium de 
verdere ziekte-ontwikkeling te vertragen? 
Ulodadium, Tween 80 en Teldor in week 44 
Pastel gefranjerd 
geen 
week 44 en 48 
Op het tijdstip van de behandeling in week 44 was de Botrytis aantasting in 
het gewas hoog met een ziekte-incidentie van 85,9 en een ziekte-severity van 
3,1. Door behandelingen met Ulodadium of Teldor alleen was geen bestrij-
dingseffect in het zieke gewas te constateren. Ook de combinatie van 
Ulodadium met Teldor reduceerde de ziekte niet. 
Tabel 1.3.5 Resultaten exactprvefVollebregt-1999b. 







Teldor 0,1 g /L 

































Wat is het effect van Ulodadium tegen Botrytis op zaadplanten? 





fungicide (week 41 en 47 Previcur en Daconil, week 1 Carbendazim, week 3 
Sumico en week 7 Topsin M) 
Fl zaadplanten 
De planten werden regelmatig opgeschoond. 
week 40, 44, 46, 48, 52, 4, 7 en 8 
Het niveau van aantasting door Botrytis verschilde sterk tussen de verschil-
lende waarnemingstijdstippen, o.a. als gevolg van het opschonen, maar was 
in het algemeen laag. Er zijn geen significante effecten van behandelingen 
met Ulodadium gevonden. In enkele gevallen was de aantasting door Botrytris 
bij fungicide-toepassingen significant hoger dan bij toepassingen van 
Ulodadium. 
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Wat is het effect van Ulocladium op "Botrytis in al dan niet opgeschoonde 
zaadplanten? 
wel of niet opschonen (wekelijks); Ulocladium (week 23, 27 en 31); fungiciden 
(volgens praktijk-programma) 
Super Serie compact zaadplanten 
geen 
week 23, 27, 31 en 35 
Bij proefbegin was het aantastingsniveau van de zaadplanten door Botrytis 
heel laag met een ziekte-incidentie van 3 % en een ziekte-severity van 0,1. 
Voor alle waarnemings tij stippen is een significant effect van het opschonen 
op de Botrytis-aantasting geconstateerd. Het aantastingsniveau van met 
Ulocladium behandelde zaadplanten was voor alle waarnemingstijdstippen 
lager dan van onbehandelde of met fungicide behandelde planten, maar voor 
deze effecten zijn alleen aanwijzingen voor significantie. De werking van 





















• • • • • • • niet opschonen 



















Figuur 1.4.2 Ziekte-severity (Aantal t^eke bladeren per plant) exactproef Schoneveld-1999d A. Effect opschonen van 
zaadplanten,. B. Effect toepassingen van Ulocladium of fungiciden. 
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Tabel 1.4.2 Resultaten exactptvef Schoneveld-1999d. 








































































































fungicide 2 x (Rovral in week 36 en 42) 
Ulocladium 2x (week 36 en 41) 
geen 
week 48 
De ziekte-incidentie was iets lager door behandelingen met U. atrum dan met 
fungiciden. 




U. atrum (2x) 





Ziekte-incidentie (%) Ziekte-severity Ziekte-severity 
(alle planten) (zieke planten) 
25 0,4 ' 1,4 
10 0,2 1,9 
derDoes-1998 
fungicide 2x (Eupareen M in week 32.,Rovral in week 40); Ulocladium 2x 
(week 32 en 36); 
Ulocladium 3x (week 32, 36 en 40). 
derde Ulocladium behandeling niet in hart uitgevoerd 
week 42 
Het aantastingsniveau na behandelingen met U. atrum was gelijk of iets hoger 
dan met fungiciden. 
Tabel 2.2 Resultaten telersproef van der Does-1998. 






U. atrum (2x) 
















Ulorfadium 3x (week 30, week 34, week 40) 
geen 
week 47 
Bij de drie assortimenten met een hoog aantastingsniveau was de ziekte-
severity door behandelingen met Ulorfadium bij Concerto Apollo en Midi Fl 
duidelijk lager vergeleken met onbehandeld. Dit was niet het geval voor 
Concerto Rose Pink. Bij Concerto Scharlaken en Rondo Violet Fl was het 
aantastingsniveau laag en er zijn geen behandelingseffecten te zien. 




U. atrum (3x) 
Concerto Scharlaken 
onbehandeld 
U. atrum (3x) 
Rondo Violet Fl 
onbehandeld 
U. atrum (3x) 
Concerto Rose Pink 
onbehandeld 
U. atrum (3x) 
Midi F l 
onbehandeld 








































fungicide 1 x (Eupareen M in week 27); 
Ulorfadium lx (week 29); 
Ulorfadium 2x (week 29 en 34) 
behandelingen niet in hart uitgevoerd 
week 40 
Er zijn geen aanwijzingen voor verschillen russen behandelingen met 
fungicide of U. atrum. 
1-36 
Tabel 2.4 Resultaten telersproef van der Lugt-1998. 






U. atrum (lx) 















fungiciden 4x (Eupareen M in week 22, Rovral in week 36 en 40, Sporgon in 
week 46); 
Ulocladium 3x (week 32. 36 en 40) 
hoge ziektedruk vanwege late installatie van verwarming in nieuwbouw kas 
Er zijn geen aanwijzingen voor verschillen tussen behandelingen met 
fungiciden of U. atrum bij een hoge ziektedruk. 






















fungiciden 3x (Sporgon in week 37, Rovral in week 41, Sumico in week 47); 
Ulodadium 2x (week 34 en 39) 
ziektedruk hoog in laatste weken voor eindwaarneming. behandelingen met 
U. atrum alleen in jong gewas uitgevoerd 
week 50 
De behandeling met 17. atrum alleen vroeg in de teelt was minder werkzaam 
dan fungicide-behandelingen gedurende gehele teelt. 






















fungiciden 4x (Sporgon in week 30, Sumico in week 33, Rovral in week 36 
en Sumico in week 39); 
Ulocladium 3x (week 29, 33 en 38) 
geen 
week 40 
Het aantastingsnivau was na behandelingen met U. atrum even laag als na 
behandelingen met fungiciden. 
Tabel 2.7 Resultaten telersproef' Scboneveld-1998a. 
Behandeling Ziekte-incidentie (%) 
Pastel 
fungicide (4x) 12 
















Fungicide, elke 2 weken na week 40; 
Ulocladium, elke 4 weken na week 40 
Super Serie Compact 
proeven met opgeschoonde zaadplanten 
week 47 
U. atrum was in opgeschoonde moederplanten even effectief als fungiciden; 
zonder opschonen was de bescherming door U. atrum niet voldoende. 
Tabel 2.8 Resultaten telersproef S choneveld-1998 b. 
Behandeling 
















































fungicide 1 x (Eupareen M in week 34); 
Ulodadium lx (week 29); 
Ulodadium 2x (week 29 en 34); 
Ulodadium lx (week 29) + fungicide (Eupareen M in week 34) 
lage ziektedruk in gehele kas 
week 50 
Bij een laag aantastingsniveau zijn er geen behandelingseffecten van 
Ulodadium geconstateerd. Dit is ook.niet het geval voor de fungicide-
behandeling. 





U. atrum (lx) 
U. atrum (2.x) 



























Ulodadium lx (week 29); 
Ulodadium 2x (week 29 en 34); 
Ulodadium 2x (week 29 en 39); 
Ulodadium 3x (week 29, 34 en 39) 
ziektedruk hoger dan in proef 2.9. 
week 50 
Er zijn geen duidelijke verschillen tussen behandelingen te constateren. 
Tabel 2.10 Resultaten telersproef Vollebreg-1998b. 
Behandeling 
Pastel gemengd 
U. atrum (x—) 
U. atrum (xx-) 
U. atrum (x-x) 























fungicide 2x (Eupareen M in week 38, Rovral in week 47); 
Ulociadium (2x) (week 28 en 42); 
Ulociadium (2x) (week 36 en 42); 
Ulocladium (3x) (week 28, 36 en 42) 
geen 
week 50 
Er zijn geen aanwijzingen voor verschillen tussen behandelingen met fungi-
cide of U. a/mm. 




U. atrum (x-x) 
U. atrum (-xx) 























fungicide 2x (Rovral in week 46 en week 48); 
Ulocladium om de 4 weken (week 32, 36, 40, 44 en 48) 
geen 
week 50 
Bij een hoog aantastingsniveau was de werking van behandelingen met 
Ulocladium vergelijkbaar met behandelingen met fungiciden volgens het 
bedrij fsprogramma. 
Tabel 2.12 Resultaten 
Behandeling 





















fungicide 3x (Rovral november/december); 
Ulocladium om de 4 weken (week 40, 44 en 48) 
geen 
week 1 (2000) 
Bij een hoog aantastingsniveau was de werking van behandelingen met 
Ulocladium vergelijkbaar met behandelingen met fungiciden volgens het 
bedrij fsprogramma. 






















van der Does-1999a 
fungicide op band 2x (Rovral in week 8 en 14); 
Ulocladium op band 2x (week 8 en 14) 
De met fungicide behandelde planten zijn in een andere kas opgekweekt 
onder een wat minder gunstig klimaat. Daarom is een uitspraak over behan-
delingseffecten niet mogelijk. 
week 16 
De aantasting van de met Ulocladium behandelde planten was lager dan van 
met fungicide behandelde planten. De behandeling van planten tijdens het 
wijderzetten op de transportband blijkt effectief. 




U. atrum (2.\j 



















Fungicide 3x (Rovral week 32, 36 en 40); 




Het aantastingsniveau was matig. De behandelingen zijn uitgevoerd tijdens 
het transport op de band, waarvoor minder arbeid en minder spuitvloeistof 
nodig is vergeleken met de gebruikelijke bespuitingen van planten op tafels 
of op de grond. De werking van behandelingen met Ulocladiiim of fungiciden 
was gelijk. Behandelingen van planten tijdens het transport op de band leid-




























U. atrum 4x (week 29, 33, 37 en 41) 
geen 
week 43 
Bij een laag aantastingsniveau was geen bestrijdingseffect door behande-
lingen met Ulodadium te constateren maar een lichte toename van het aan-
tastingsniveau. 























fungiciden (Sumico en Rovral om de 5 weken); 
Ulodadium 5x (week 30, 34, 38, 42 en 46) 
geen 
week 50 
Bij een matig aantastingsniveau was de aantasting van met Ulodadium of 
fungicide behandelde planten even sterk. De ziekte-severity van onbehan-
delde planten was iets hoger dan van behandelde planten. 
Tabel 2.18 Resultaten telersproef Scholten-1999. 






















fungicide 4x (Sportak in week 53, Eupareen M in week 9, Sumico in week 15 
en Rovral in week 17); 
Ulodadium 4x (week 3, 7,11 en 15) 
Planten in week 3 opgepot. 
week 19 
Botrytis is alleen incidenteel waargenomen in beide behandelingen. 
Tabel 2.19 Resultaten telersproef Schoneveld-1999a. 




Super Serie Compact 
fongicide (4x) 













fungiciden volgens bedrij fsprogramma; 
Ulocladium 6x (week 11,15, 19, 23, 27 en 31) 
geen 
week 37 
De ziekte-severity van met Ulodadium of fungicide behandelde planten was 
gelijk. De ervaring in de zaadproductie is dat zonder bestrijding een hoog 
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Biological Control of Botrytis cinerea in Cyclamen 
with Ulocladium atrum and Gliocladium roseum 
Under Commercial Growing Conditions 
J. Köhl, M. Gerlagh, B.H. De Haas, and M.C. Krijger 
DLO Research Institute for Plant Protection (IPO-DLO), P.O. Box 9060,6700 GW Wageningen, the Netherlands. 
Accepted for publication 6 March 1998. 
ABSTRACT 
Köhl, J., Gerlagh, M, De Haas, B.H., and Krijger, M.C. 1998. Biologi-
cal control of Botrytis cinerea in cyclamen with Ulocladium atrum and 
Gliocladium roseum under commercial growing conditions. Phytopathol-
ogy 88:568-575. 
The effect of treatments with conidial suspensions of Ulocladium atrum 
and Gliocladium roseum on leaf rot of cyclamen caused by Botrytis cinerea 
was investigated under commercial greenhouse conditions. Spraying U. 
atrum (I X 106 conidia per ml) or G. roseum (2 x 106 conidia per ml and I 
x 107 conidia per ml) at intervals of 2 to 3 weeks during the production 
period and spraying U. atrum (1 x 106 conidia per ml) at intervals of 4 to 6 
weeks resulted in a significant reduction of natural infections of petioles by 
B. cinerea. U. atrum or G. roseum (1 x 107 conidia per ml) was as effective 
as the standard fungicide program. B. cinerea colonized senesced leaves 
within the plant canopy and infected adjacent petioles and leaves later. The 
antagonists colonized senesced leaves and reduced B. cinerea development 
on these leaves. Thus, the inoculum potential on petioles adjacent tot necro-
tic leaf tissues was reduced. The fate of U. atrum conidia on surfaces of 
green cyclamen leaves during a 70-day period after application was 
studied. The number of conidia per square centimeter of leaf surface 
remained relatively constant during the entire experiment. Sixty percent of 
the conidia sampled during the experiments retained the ability to 
germinate. When green leaves were removed from the plants to induce 
senescence and subsequently were incubated in a moist chamber, U. atrum 
colonized the dead leaves. Senesced leaves also were colonized by other 
naturally occurring fungi including B. cinerea. On leaves treated with U. 
atrum from all sampling dates, sporulation of B. cinerea was significantly 
less as compared with the untreated control. Our results indicate that early 
applications of U. atrum before canopy closure may be sufficient to achieve 
commercially satisfactory control of Botrytis leaf rot in cyclamen. 
Additional keywords: competition, fungal colonization, gray mold, 
saprophyte. 
Botrytis cinerea Pers. ex Pers. causes leaf rot as one of the major 
diseases of cyclamen (Cyclamen persicum L.) in the commercial pro-
duction of potted plants and seeds (10,20). Conidia of the pathogen are 
produced in necrotic lesions of infected plants or on crop residues. 
From such sources, conidia are spread through the air of greenhouses. 
Grower's activities in greenhouses result in a substantial increase in the 
density of conidia in the air within a greenhouse (6). 
Because conidia of B. cinerea cannot infect healthy cyclamen 
leaves (21), the pathogen initially colonizes senescing leaves or ne-
crotic tissues, and produces large numbers of conidia after the plant 
develops a dense canopy, which increases the relative humidity (RH) 
within the canopy. Conidial clusters and mycelia of the pathogen can 
infect healthy tissues of adjacent petioles. Subsequently, the leaf blade 
can be colonized through the infected petiole. The disease can spread 
through the entire plant by attacking petioles. This leads to gaps in the 
plant canopy, which reduce their ornamental value or result in a com-
plete loss of plants. 
Control of the greenhouse climate is an important means to reduce 
the risk of disease epidemics in cyclamen (10). Potted plants are 
placed on mats, and water is supplied via the mats to avoid wetting 
above-ground plant parts. However, senescing or dead leaves in con-
tact with the soil surface often are moist enough to allow infection or 
saprophytic colonization by B. cinerea. In addition, once leaves are 
wet, the relatively low temperature required by cyclamen for growth 
slows drying. Removal of dead leaves by hand reduces the risk of B 
Corresponding author: J. Köhl; E-mail address: j.kohl@ipo.dlo.nl 
Publication no. P-1998-0423-01R 
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.cinerea infection; however, this procedure is labor intensive. Further-
more, healthy leaves can be injured during handling, and the fresh 
wounds or enhanced formation of senesced leaves can lead to new 
infections by B. cinerea. 
Although fungicides are regularly applied to control B. cinerea in 
crops of cyclamen, there is a need for other controls because fungicide 
use may be limited in the future by governmental regulations. Second, 
resistance of B. cinerea populations in greenhouses against several 
fungicides is a common problem (2,5). Benomyl-resistant strains of B. 
cinerea were found in cyclamen production in the early 1970s (23), 
and the occurrence of populations resistant to benzimidazoles and 
dicarboximides (iprodione, procymidone, or vinclozolin) has been 
reported in Greece and France (17,19). Third, several fungicides, such 
as iprodione and vinclozolin, can have negative side effects on cycla-
men, reducing the yield or the ornamental value of potted plants (8). 
Finally, plants with visible residues of fungicides on the leaves cannot 
be marketed. 
Antagonistic fungi or bacteria have been reported to suppress B. ci-
nerea in several crops (3), including cyclamen. Bollen (1) reported that 
infections by B. cinerea were reduced by naturally occurring Pénicil-
lium spp. When these antagonists were eliminated by fungicides such 
as benomyl, the damage caused by benomyl-resistant B. cinerea 
populations increased after benomyl applications. Iyozumi et al. (9) 
controlled B. cinerea on cyclamen petals in the greenhouse by appli-
cations of Serrratia marcescens. The same bacterium suppressed 
sporulation of B. cinerea by more than 85% on leaf blades placed on 
the soil near the plant base. 
The fungal antagonists Gliocladium roseum Bain, and Ulocladium 
atrum Press were selected for their ability to suppress the colonization 
of dead tissues of cyclamen and other crops by B. cinerea and its sub-
-52 
sequent sporulation. U. atrum is effective over a broad range of tempe-
ratures (J. Kohl, unpublished data) and in the open field (14) and sur-
vives interruptions in leaf wetness (16). Strains of G. roseum have the 
potential to suppress B. cinerea in a range of crops grown in the open 
field or in greenhouses (22). In bioassays under controlled conditions, 
G. roseum was more effective than V. atrum under continuously moist 
conditions and moderate temperatures, but was sensitive to low tempe-
ratures (J. Kohl, unpublished data) and interruptions in leaf wetness 
(16). The antagonism of (J. atrum is most likely based on nutrient 
competition, whereas antibiotic substances are involved in the anta-
gonism of G. catenulatum (11) and presumably also in the antagonism 
of G. roseum. 
The objective of our study was to test the fungal antagonists G. ro-
seum and U. atrum for their ability to suppress B. cinerea in commer-
cially grown cyclamen crops. Populations of B. cinerea in the com-
mercial greenhouse were monitored for fungicide resistance to ensure 
that the pathogen was sensitive to the fungicides used. In additional 
trials, the fate of V. atrum conidia on green leaves and their ability to 
colonize such leaves after senescence was investigated in order to 
optimize timing of the applications of the antagonist and increase the 
intervals between applications. 
MATERIALS AND METHODS 
Inoculum production. Conidia of if. atrum isolate 385, originating 
from necrotic leaf tips of onions (16), were produced on oat grains in 
autoclavable spawnbags (type 3LS; Sylvan, Horst, the Netherlands). 
Oat kernels were moistened in tap water in a vessel overnight (300 g 
of dry oat kernels and 300 ml of tap water), excess water was drained 
through a sieve, and the moistened oat kernels were put in a spawnbag. 
The open end of the bag was inserted into a metal ring, the remaining 
opening was closed with a cotton plug, and the bag was sealed with 
autoclavable tape. Bags with the oat kernels were autoclaved twice at 
121°C for 45 min at a 24-h interval. The sterilized oats were inocu-
lated with 0.5 ml of a conidial suspension of U. atrum (approximately 
IX 105 conidia per ml) and incubated for 28 days at 20°C in the dark. 
Bags were shaken every 2 to 3 days to mix the kernels and to avoid 
formation of aerial mycelium. Suspensions of conidia of U..atrum 
were prepared by transferring the incubated oat kernels into nylon 
gauze bags with 1- by 0.4-mm mesh and agitating these bags for 5 min 
in a small washing machine (Nova MW 100; Nova, Maastricht, the 
Netherlands) in 5 liters of chilled tap water (5°C) with 0.01% (vol/vol) 
Tween 80. The resulting suspension was filtered through a nylon 
gauze with 200-pm mesh to remove mycelial fragments and oat kernel 
debris. 
G. roseum isolate 1813, isolated from a potato peel, was cultured in 
petri dishes (90 min) containing 30 ml of oatmeal agar (20 g of oat-
meal, 15 g of agar, and 1 liter of tap water) for 14 days at 20°C in the 
dark. To obtain conidial suspensions, cultures were flooded with ste-
rile tap water containing 0.01% (vol/vol) Tween 80. After gently rub-
bing the surface of the culture with a rubber spatula, the resulting 
suspension with the conidia was filtered through sterile nylon gauze 
with a mesh of 200 |am. 
Concentrations of the conidia in the suspensions were determined 
with the aid of a haemocytometer and adjusted with chilled tap water 
containing 0.01% (vol/vol) Tween 80 to 1 x 106 conidia per ml for U. 
atrum, and 2 x 106 conidia per ml (experiment 1) or I x 10' conidia per 
ml (experiment 2) for G. roseum. Suspensions were kept at 5°C and 
were applied within 4 to 6 h. 
Plants. Cyclamen plants (C persicum) cv. Super Serie from four 
lines with different flower color (wine red, lilac, pink, and white with 
red heart) were used in all experiments. This cultivar has a character-
istically compact growth, resulting in a very dense canopy. 
Plants were seeded in trays with soil plugs and transferred into indi-
vidual 8-cm pots containing a commercial potting soil ("Lentse" spe-
cial cyclamen mixture; Lentse Potgrond B.V, Lent, the Netherlands) at 
«10 weeks after sowing (three-leaf stage). For =6 weeks, the plants 
were held on trays. Subsequently, they were placed on tables with 
mats at wider spacing; spacing was increased further after =6 weeks on 
the tables in order to avoid touching of leaves of different plants. 
Flowering plants were considered marketable «30 weeks after sowing 
when they had 50 to 55 leaves. In the first experiment, treatments were 
initiated with 19-week-old plants, 3 weeks after the plants were placed 
on the tables. In the second experiment, treatments were initiated with 
16-week-old plants still on the trays. For two other experiments con-
ducted in an experimental greenhouse at Wageningen, the Netherlands, 
20 week-old plants, each with an average of 15 leaves, were used. 
Growing conditions. Experiments were conducted in a 3 000-m1 
commercial greenhouse at Twello, the Netherlands, in which cyclamen 
and several other ornamental crops were produced. Minimum tempera-
tures were set at 14°C during daytime and 16°C during nighttime. The 
RH was set at 80%. On warm or rainy days, temperature or RH may 
have exceeded the set values due to insufficient capacity of climate 
control by ventilation and screening. 
Treatments. In the first experiment, four treatments were arranged 
in a randomized complete block design, with each treatment replicated 
four times. Two blocks were located on each of two opposite tables. In 
the second experiment, all blocks were located on the same table. 
There were no buffers between treatments. In the First experiment, 
each replicate started with 63 plants placed in nine rows of 7 plants, of 
which the central 25 plants were assessed for disease development. In 
the second experiment, five treatments were arranged in a randomized 
complete block design, with each treatment replicated four times. Each 
replication consisted of 24 plants in four rows of six plants. Plants 
were numbered to allow disease assessments in time for each indi-
vidual plant. In both experiments, plants within each block belonged to 
the same lines with the same flower color, but flower colors between 
blocks differed. 
Treatments consisted of spraying the cyclamen plants with tap 
water containing 0.01% (vol/vol) Tween 80; the fungicide program as 
applied by the grower in his commercial growing system (described 
below); conidial suspension of G. roseum; and conidial suspension of 
U. atrum In the second experiment, the fifth treatment consisted of 
spraying conidial suspensions of U. atrum with increased time inter-
vals between applications. 
In the first experiment, the water control and the conidial suspen-
sions were applied five times when plants were 133, 153, 174, 189, 
and 205 days old. The fungicide program consisted of five applications 
of three different fungicides sprayed in the following rotation: 
Euparene M (1 g liter', tolylfluanid at 500 g a.i. per kg; Bayer AG, 
Leverkusen, Germany), Sporgon (1 g liter', prochloraz-manganese at 
450 g a.i. per liter; Schering AG, Berlin), Euparene M, Sporgon, and 
Rovral Aquaflo (2 ml liter', iprodione at 500 g a.i. per liter; 
Rhône-Poulenc Agrochimie, Lyon, France), when plants were 112, 
133,153,174, and 200 days old. Vertimec (0.5 ml liter'1, abamectin at 
18 g a.i. per liter; MSD Agvet, Haarlem, the Netherlands) was sprayed 
three times during the experiment for thrips and mite control when 
plants were approximately 120,160, and 200 days old. 
In the second experiment, the water control and the conidial suspen-
sions were applied nine times, when plants were 109, 130, 151, 166, 
179, 193, 207, 221, and 236 days old. In the fifth treatment, U. atrum 
was applied only five times, when plants were 109,151,179, 207, 236 
days old. During the second experiment, the fungicide program con-
sisted of five applications of four different fungicides sprayed in the 
following rotation: Daconil (1 ml liter', chlorothalonil at 500 g a.i. per 
liter; Schering AG), Euparene M, Sporgon, Rovral Aquaflo, and 
Rovral Aquaflo, when plants were 84, 106, 130, 160, and 225 days 
old. Control of thrips, mites, and Lepidoptera larvae was achieved by 
applying Vertimec (abamectin), Aseptacarex (0.7 ml liter"', pyridaben 
at 157 g liter'; Aseptafabrick, Delft, the Netherlands), Mesurai (1 ml 
liter"1, methiocarb at 500 g liter'; Bayer AG, Leverkusen, Germany), 
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Vydate (3 ml liter"1, oxamyl at 100 g liter"1; Dupont de Nemours, Wil-
mington, DE), and Luxan Permethrin (0.4 ml liter', permethrin at 250 
g liter'1; Luxan, Eist, the Netherlands) in rotation at intervals of 
approximately 40 days. 
Because commercial crops were growing in the greenhouse, heavily 
infected plants were removed from the experiments to lower the 
inoculum density when plant were 205 (experiment 1) and 236 days 
old (experiment 2). 
Application technique. Water and conidial suspensions were ap-
plied with a propane-operated sprayer (AZO, Ede, the Netherlands) at 
250 kPa. Fungicides were applied with a motor-operated sprayer 
(EP55; Empas, Veenendaal, the Netherlands) at 400 kPa. During 
spraying, a polystyrene shield was placed around each treatment to 
prevent drift to neighboring plants. Each plant was sprayed individu-
ally until runoff. At the beginning of the experiments, plant canopies 
were open so that all leaf surfaces, petioles, and the tuber could easily 
be reached. Later, when plant canopies became dense, plants were 
sprayed on the canopy, but the spray nozzle also was put inside the 
canopy of each individual plant so as to reach plant surfaces shielded 
under the dense canopy such as the surfaces of older leaves, petioles, 
and the tuber. Treatment of individual plants is the standard method of 
fungicide applications. 
Assessments. In both experiments, disease was assessed on each 
day that the antagonists were applied, and a final assessment was made 
2 weeks after the last antagonist application, when plants were 219 
(experiment 1) and 248 (experiment 2) days old. 
The following parameters were assessed nondestructively in the 
greenhouse for each plant at each assessment date: the proportion of 
the area (ranging from >0 to 1 at intervals of 0.1) covered with coni-
diophores of the pathogen was estimated separately for each leaf blade 
and petiole with sporulation of B. cinerea. Because areas with 
conidiophores of B. cinerea varied from sparse to complete (maximal 
density) coverage, the intensity of sporulation of B. cinerea also was 
estimated for each single area with sporulating B. cinerea, using a 
relative scale from >0 to 1 (sparse sporulation to complete coverage 
with conidiophores) at intervals of 0.1. The area of leaf blades and the 
length of petioles were not recorded. 
The following parameters were calculated from the data obtained: 
the percentage of plants with symptoms of B. cinerea (disease inci-
dence), the number of petioles per plant with symptoms of B. cinerea 
(disease severity), the estimated equivalent number of leaf blades with 
B. cinerea sporulation (spore-producing leaf area [SPLA]), the esti-
mated equivalent number of leaf blades with B. cinerea sporulation 
corrected for sporulation intensity (spore-producing leaf area corrected 
for intensity [SPLACI], the estimated equivalent number of petioles 
with B. cinerea sporulation (spore-producing petiole area [SPPA], and 
the estimated equivalent number of petioles with B. cinerea sporu-
lation corrected for sporulation intensity (sporeproducing petiole area 
corrected for intensity [SPPACI]). 
Because the size of assessed leaves was not measured, areas with 
sporulation of B. cinerea were not expressed in their absolute size; 
instead, SPLA and SPLACI represent the equivalent number of leaf 
blade surfaces per plant fully covered with sporulation. The formulas 
used for calculation were 
SPLA = 
I2> 
(1) SPLACI ; (2) 
in which i = number of plant, i = l...n; m; = number of diseased leaves 
of plant i; p,j = proportion of ./'th leaf blade of plant i covered by 
conidiophores of B. cinerea; and w,j = weight (0 < Wjj...l) for intensity 
of sporulation of B. cinerea on the i/th leaf blade. 
Data on B. cinerea sporulation on petioles were produced in the 
same way. For statistical analysis, the mean values of the assessed 
parameters for the 25 plants per plot (experiment 1) or the 24 plants 
per plot (experiment 2) were used. 
Monitoring of fungicide resistance. B. cinerea was isolated from 
diseased cyclamen plants outside the experimental plot during the 
second experiment at three sampling dates (when plants were 207, 
221, and 236 days old). These plants were growing in the same green-
house and had the same fungicide treatments as the fungicide-treated 
plants of the experiment. For isolation, five bulk samples of B. cinerea 
conidia from one leaf of each of five plants were collected at each 
sampling date using a sterile wet cotton plug, which was subsequently 
streaked onto a petri dish containing potato dextrose agar (4 g of 
potato extract, 20 g of glucose, 15 g of agar, and 1 liter of tap water) 
amended with 10 ng of tetracycline per ml and 100 \xg of streptomycin 
per ml. Plates were incubated for 6 days at 20°C, newly formed co-
nidia of B. cinerea were transferred to petri dishes containing 15 ml of 
malt extract agar (1 g of malt extract, 15 g of agar, and 1 liter of tap 
water), and the dishes were incubated for 4 to 5 days at 20°C. Agar 
discs (5 mm) from the edges of the growing colonies were placed in 
the center of petri dishes each containing the same medium but amend-
ed with either chlorothalonil (100 p.g ml"'), tolylfluanid (10 ug ml'1), 
iprodione (10 pg ml'1), or prochlorazmanganese (1 pg ml'1). Malt 
extract agar not amended with fungicide served as controls. There 
were five replications of each B. cinerea population for each of the 
media. For each colony that developed on the medium, two crossed 
diameters were measured after 4 and 10 days, and the radial growth 
rate per 24 h was calculated. 
At the fungicide concentrations used in this study, the mycelial 
growth of five wild strains of B. cinerea from the collection of our 
institute was completely suppressed in preliminary experiments, but 
these strains had shown some growth at a 10-fold lower concentration 
of each fungicide. Two of these strains were used as references during 
the three assessments of B. cinerea populations obtained from the 
commercial greenhouse. 
Survival of U. atrum conidia on green cyclamen leaves and com-
petitive colonization of senesced leaves by B. cinerea and U. atrum. 
Fifty 20-week-old potted cyclamen plants (cv. Super Serie) with 
approximately 15 leaves per plant were grown in an experimental 
greenhouse at 20 ± 3°C and 65 ± 20% RH. Pots were placed on a mat 
and water was supplied via the mat so that leaves were not wetted. The 
petioles of fully developed leaves were labeled with colored, plas-
tic-coated iron rings. Treatments consisted of five plants sprayed with 
either a conidial suspension of U. atrum 385 (1 x 106 conidia per ml) 
prepared as described above, or tap water containing 0.01% Tween 80. 
The two treatments were arranged in a randomized complete block 
design, with each treatment replicated five times, and the experiment 
was repeated once. 
Two or three labeled leaves (experiment 1 and 2, respectively) per 
sampling date per replicate were arbitrarily selected from the five 
plants of each replicate. Sampling dates were 0, 2, 4, 7, 10, 14, 21, 28, 
42, 56, and 70 days after spraying. Sampled leaves were healthy and 
without symptoms of B. cinerea during the experiment, but B. cinerea 
developed on senesced leaves of the plants. At each sampling date, one 
of the sampled leaves was cut longitudinally into two pieces. On one 
half, the density of conidia and the percentage of germinated conidia 
of U. atrum were determined. The other half was incubated at 24°C for 
8 h in the dark in a moist chamber consisting of petri dishes (55 mm) 
with two moistened filter papers (50 mm) on the bottom and one in the 
lid to estimate the percentage of conidia of U. atrum that lost their 
ability to germinate. 
Conidial density on the upper leaf surface was determined using a 
10 microscope at a magnification of x 100. Each half-leaf was divided 
into 10 equally sized sections, and the conidial density was determined 
in the center of each section by counting the number of conidia laying 
within a grid representing 1 mm2 . The average number of U. atrum co-
nidia per square centimeter of leaf surface was calculated for each leaf. 
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To determine germination of conidia of U. atrum on the leaf surface 
directly after sampling or after additional incubation in a moist cham-
ber, a droplet of 0.01% calcofluor white (Fluorescent Brightencr 28, 
F-6259, Sigma Chemical Co., St. Louis; 0.01% wt/vol in 1 M 
Tris-HCI buffer, pH 8) was added to the leaf surface, and the surface 
was inspected at a magnification of xlOO under a fluorescent micro-
scope (Axioscope with filter o5; Carl Zeiss, Inc., Oberkochen, Ger-
many) using a blue-violet (395 to 440 nm) light source. Per half-leaf, 
100 arbitrarily chosen, non-clustered conidia were assessed. Conidia 
were counted as germinated when germ tube length was at least half of 
the shortest axis of the ellipsoidal conidium. 
The remaining one or two leaves per replicate (experiment 1 or 2, 
respectively) were placed in an open petri dish (55 mm) on two dry 
filter papers (50 mm) for 21 days (experiment 1) or 28 to 42 days 
(experiment 2). Petri dishes were arranged in blocks as described 
above for plants. After the detached leaves in the petri dishes had 
senesced (characterized by the loss of turgor and a yellow or brown 
color) during a period of 3, 4, or 6 weeks in the experimental green-
house, 0.75 ml of tap water were added to each petri dish and the 
closed dishes were transferred to an incubator. Leaves were incubated 
at 18°C in the dark. After 14 days, the coverage of the upper surface of 
the leaves with conidiophores of B. cinerea, U. atrum, and other fungi 
was estimated in classes ranging between 0 and 1 (i.e., 0, 0.01, 0.05, 
0.1,0.2 0.8,0.9, 0.95,0.99,1) using a stereomicroscope with 10 to 
40x magnification (14). In the first experiment, in many cases, leaves 
were not senescent at the assessment date and no fungi developed. 
Data from such leaves were excluded from the analysis. Data from 
three sampling dates, based on at least one leaf per replicate, were 
further analyzed. In the second experiment, detached leave- were left 
in the greenhouse for 28 days. Thereafter, senesced leaves were incu-
bated in a moist chamber. Leaves without symptoms of senescence 
were left in the greenhouse for another 14 days. At assessment dates, 
14 days after incubation in a moist chamber, all leaves were necrotic. 
Statistics. Linear logistic regression was employed to explain the 
number of diseased plants (disease incidence) in response to the clas-
sifying variables: replicate and treatment. The model assumes that the 
variance of the data is from a distribution more variable than the 
binomial and can be adequately described by variance proportional to 
binomial variance. Log-linear regression models with the same classi-
fying variables and variance assumed to be proportional to Poisson 
variance were fitted to the data on the number of diseased petioles 
(disease severity), SPLA, SPLACI, SPP A, and SPPACI. Models were 
fitted to the data using the method of quasilikelihood (18). Overall 
effects of replicate and treatment were assessed using F tests for the 
ratio of the mean deviance for the particular effect and the mean resid-
ual deviance. In case F tests were significant, treatment means on the 
logit or log-scale were separated using t tests (P < 0.05), corresponding 
to least significant difference (LSD) tests for normal distributed data, 
because standard errors of differences are not constant for logistic and 
loglinear regressions. Differences between means of the control treat-
ments and the other treatments were assessed one-sided, differences 
between means of treatments with antagonists or fungicides were 
assessed two-sided. Analysis of variance (ANOVA) was employed on 
log-transformed counts of U. atrum conidia per square centimeter and 
on arcsine-transformed data on sporulation of B. cinerea, and LSD 
tests were used to separate treatment means. All analyses were per-
formed with the Genstat 5 program (Nummerical Algorithmus Group 
Inc., Oxford). 
RESULTS 
Disease control under commercial growing conditions. In the first 
experiment, no sporulation of B. cinerea was found at the beginning of 
the experiment. Sporulation initially was observed on dead leaf tissue 
of 153-day-old plants. The estimated B. cinerea SPLACI increased 
with time in all treatments (Fig. 1A). When plants were near market-
able age at 205 days, more than 0.8 leaves per plant of the control 
treatment were completely covered with sporulating B. cinerea. 
SPLACI was reduced significantly to 0.15 by the application of U. 
atrum or the fungicides. Disease incidence increased with time, and 
more than 80% of the water-treated plants showed symptoms of B. 
cinerea at a plant age of 205 days (Fig. IB). Treatments with U. atrum 
or fungicides resulted in significant disease suppression with disease 
incidences of 40 and 46%, respectively. The number of diseased peti-
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Fig. 1. Effect of treatments with Ulocladium atrum, Gtiocladium roseum, 
and a fungicide program on A, spore-producing leaf area corrected for 
intensity (SPLACI); B, disease incidence; and C, disease severity of Bo-
trytis cinerea on cyclamen plants cv. Super Serie under commercial grow-
ing conditions. Conidial suspensions of U. atrum (I x 106 conidia per ml) 
and G. roseum (2 x 106 conidia per ml) were applied at a plant age of 133, 
153,174, 189, and 205 days. Tolylfluanid, prochlorazmanganese, tolylflua-
nid, ochloraz-manganese, and iprodione were applied in rotation when 
plants were 112,133,153,174, and 200 days old. SPLACI is defined as the 
estimated equivalent number of leaf blades per plant completely covered 
with conidiophores of B. cinerea; disease incidence is defined as the per-
centage of plants with symptoms of B. cinerea; and disease severity is 
defined as the average number of petioles with symptoms of B. cinerea per 
plant Dotted lines represent remaining plants after heavily diseased plants 
had been removed at a plant age of 205 days. Twenty-five plants of each of 
four replicates were assessed. Values of the same assessment date with a 
common letter do not differ significantly (P < 0.05) according to logistic or 
log-linear regression followed by t tests. 
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was significantly reduced by treatment with U. atrum (0.9) or fungici-
fungicides (0.7) as compared with the control (3.5) at a plant age of 
205 days (Fig. 1C). On average, approximately 1.8 petioles per plant 
treated with G. roseum were infected. 
Several heavily infected plants of the different treatments were 
removed from the greenhouse at a plant age of 205 days to reduce the 
inoculum density for neighboring commercially grown crops. 
140 160 180 200 220 240 260 
Plant age (days) 
Fig. 2. Effect of treatments with Ulocladium atrum, Gtiocladium roseum, 
and a fungicide program on A, spore-producing leaf area corrected for 
intensity (SPLACI); B, disease incidence; and C, disease severity of Bo-
trytis cinerea on cyclamen plants cv. Super Serie under commercial grow-
ing conditions. Conidial suspensions of U. atrum (1 X 10 conidia per ml) 
and G. roseum (1 x 107 conidia per ml) were applied at intervals of 2 to 3 
weeks at plant ages of 109, 130, 151, 166, 179, 193, 207, 221, and 236 
days. In an additional treatment, U. atrum was applied at intervals of 4 to 6 
weeks (4-6 w) at plant ages of 109, 151, 179, 207, and 236 days. Chloro-
thalonil, tolylfluanid, prochloraz-manganese, iprodione, and iprodione were 
applied in rotation when plants were 84, 106, 130, 160, and 225 days old. 
SPLACI is defined as the estimated equivalent number of leaf blades per 
plant completely covered with conidiophores of B. cinerea; disease inci-
dence is defined as the percentage of plants with symptoms of B. cinerea; 
and disease severity is defined as the average number of petioles with 
symptoms of B. cinerea per plant Dotted lines represent remaining plants 
after heavily diseased plants had been removed at a plant age of 236 days. 
Twenty-four plants of each of four replicates were assessed. Values of the 
same assessment date with a common letter do not differ significantly (P < 
0.05) according to logistic or log-linear regression followed by t tests. 
SPLACI, disease incidence, and disease severity of the remaining 
plants of the control treatment increased during the subsequent 14 
days, but SPLACI and disease severity increased more slowly for 
plants treated with U. atrum (Fig. 1A to C). 
In the second experiment, treatments were started with younger plants 
(plant age of 109 days) that did not show symptoms caused by B. 
cinerea. B. cinerea sporulation first occurred at a plant age of 151 
days. During the last month of experiment 2, disease development was 
more rapid than in the first experiment (Fig. 2). When plants were 
close to marketability (plant age of 236 days), approximately 1.4 
leaves per plant of the water control were completely covered with B. 
cinerea (Fig. 2A). SPLACI was significantly reduced to below 0.7 
leaves per plant by the application of U. atrum (applied at intervals as 
in experiment 1), G. roseum (applied at a 5x higher dose than in ex-
periment 1), and the fungicides. U. atrum applied at increased intervals 
significantly reduced SPLACI assessed at a plant age of 179,193,207, 
and 221 days, but not of 236 days. Disease incidence in the treatments 
with antagonists or fungicides was significantly reduced to 50 to 60%, 
as compared with 77% in the control treatment at a plant age of 236 
days (Hg. 2B). Disease severity based on diseased petioles per plant 
TABLE 1. Effect of Ulocladium atrum, Gliocladium roseum, and fungi-
cides on the spore-producing leaf area (SPLA), spore-producing petiole 
area (SPPA), and spore-producing petiole area corrected for intensity 
(SPPACI)* of cyclamen plants cv. Super Serie grown in a commercial 
greenhouse. 
Treatment'' SPLA SPPA SPPACI 
Experiment 1 
Experiment 2 

























2.02 ab 1.38 ab 
1
 SPLA is defined as the estimated equivalent number of leaf blades per 
plant with conidiophores of Botrytis cinerea; SPPA is defined as the 
estimated equivalent number of petioles per plant with conidiophores of 
B. cinerea; and SPPACI is defined as the estimated equivalent number of 
petioles per plant completely covered with conidiophores of B. cinerea. 
Plant age at assessment date was 205 days (experiment 1) and 236 days 
(experiment 2). 
1
 In experiment 1, conidial suspensions of U. atrum (1 x 106 conidia per 
ml) and G. roseum (2 x 106 conidia per ml) were applied at a plant age of 
133, 153, 174, 189, and 205 days. The fungicides tolylfluanid, 
prochloraz-manganese, tolyl fluanid, prochloraz-manganese, and 
iprodione were applied in rotation when plants were 112, 133, 153, 174, 
and 200 days old. In experiment 2, conidial suspensions of U. atrum (1 x 
106 conidia per ml) and G. roseum (1 x 107 conidia per ml) were applied 
at intervals of 2 to 3 weeks at a plant age of 109, 130, 151, 166, 179, 193, 
207, 221, and 236 days. In an additional treatment, U. atrum was applied 
at intervals of 4 to 6 weeks at a plant age of 109, 151, 179, 207, and 236 
days. Chlorothalonil, tolylfluanid, prochloraz-manganese, iprodione, and 
iprodione were applied in rotation when plants were 84, 106, 130, 160, 
and 225 days old. 
1
 In the two experiments, 25 and 24 plants of each of four replicates were 
assessed. Means in the same column and the same experiment with a 
common letter do not differ significantly (P < 0.05) according to 
log-linear regression followed by / tests. 
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had the same pattern (Fig. 2C. Antagonist and fungicide treatments 
significantly reduced the number of diseased petioles from 3.9 in the 
water control to 1.5 to 2.3, with no significant differences between 
these treatments. After heavily diseased plants were removed when 
plants were 236 days old, the disease severity of the remaining control 
plants increased from 1.5 to 3.0 during the next 14 days. For U. atrum-
treated plants, the disease severity increased from 1.1 to 1.6 (regular 
application intervals) and from 0.9 to 1.5 (increased application inter-
vals), respectively. 
For both experiments, the different treatments had similar effects on 
sporulation of B. cinerea on both leaf blades (SPLA, SPLACI) and 
petioles (SPPA, SPP ACQ as on disease severity (Figs. 1 and 2, Table 
1). Significant block effects, at least partly to be attributed to possible 
differences in resistance against B. cinerea of lines with different 
flower color, were found for several assessment dates during experi-
ment 2 but not during experiment 1 (e.g., disease severity was twice as 
high in one block, consisting of plants with wine red flowers, than in 
the three other blocks, consisting of plants with pink, white with red 
heart, or lilac flowers, respectively). 
Occasionally, epiphytic colonies of U. atrum were found on the low-
er side of leaves where humidity in the canopy allowed epiphytic 
growth. Such colonies could be wiped off without any sign of leaf 
damage underneath the colony. 
Fungicide resistance. From the 15 B. cinerea isolates obtained from 
the commercial greenhouse, no mycelial growth was found on pro-
chloraz-manganese amended agar, while two isolates grew on tolyl-
fluanid-amended agar and nine on iprodione-amended agar. Growth of 
those isolates showing mycelium development on agar was reduced on 
average by 90% for tolylfluanid and 75% for iprodione. All 15 isolates 
grew on the chlorothalonil-amended agar, but growth was reduced by 
90%. 
With one exception, the two reference strains of B. cinerea from our 
institute did not grow on agar containing prochloraz-manganese, ipro-
dione, or tolylfluanid at the concentrations given above. One isolate 
grew in one experiment on tolylfluanid-amended agar; its growth was 
reduced by 90% as compared with the control. On agar amended with 
chlorothalonil, growth was reduced 80 to 100%. 
Survival of conidia of V. atrum on cyclamen leaves. On green cy-
clamen leaves treated with conidia] suspensions of U. atrum (1 x 106 
conidia per ml), 3,880 and 4,070 conidia per cm2 of leaf were found 
directly after spraying for each experiment (Fig. 3). In the first ex-
periment, the number of conidia per square centimeter of leaf re-
mained stable for 8 weeks, but at day 70 significantly (P < 0.05) fewer 
conidia were found (1,120 conidia per cm2 of leaf). In the second 
experiment, the conidia! density was stable until the end of the experi-
20 40 60 80 
Days after spraying 
Fig. 3. Density of conidia of Ulocladium atrum on green cyclamen leaves 
under greenhouse conditions (D = experiment 1; • » experiment 2). 
Leaves were sprayed with a conidial suspension (1 x 10* conidia per ml) at 
day 0. Means + standard errors of the mean of five leaves (replicates) per 
assessment date. 
ment and was 3,165 at day 70. On leaves of the water control, conidia 
of U. atrum were found only on rare occasions in both experiments. 
The mean conidial density for all assessment dates was below 0.03 
conidia per cm2 of leaf. 
The percentage of germinated conidia of U. atrum on the healthy 
cyclamen leaves in the greenhouse remained below 12% during the 
first experiment (Fig. 4). During the second experiment, the percentage 
of germinated conidia increased after day 7 from 0.4 to 10%. There-
after, percentages of germinated conidia ranged between 10 and 30%, 
but there was no trend for a further increase of the germination over 
time. 
After incubation of leaf samples in moist chambers, the percentage 
of germinated conidia of U. atrum was consistently high during both 
experiments; 80 and 86% at the beginning and 81 and 64% at the end 
of experiments 1 and 2, respectively. 
Competitive colonization of dead cyclamen leaves by B. cinerea 
and V. atrum. In experiment 1, B. cinerea sporulation was signifi-
cantly than on leaves of the water control. At sampling days 42, 56, 
and 70, the lower at the three analyzed sampling dates on U. atrum-
100 
20 40 60 
Days after spraying 
80 
Fig. 4. Germination of conidia of Ulocladium atrum on green cyclamen 
leaves under greenhouse conditions directly after sampling ( • = 
experiment 1; A = experiment 2) or after incubation in moist chamber at 
24°C for 8 h (• = experiment 1; • = experiment 2). Leaves were sprayed 
with a conidial suspension (1 x 106 conidia per ml) at day 0. Means + stan-
dard errors of the mean of 100 conidia on each of five leaves (replicates) 
per assessment date. 
20 40 60 
Days after spraying 
80 
Fig. 5. Percentage of leaf area with Botrytis cinerea sporulation on necrotic 
cyclamen leaves. Leaves were sprayed with a conidial suspension of Ulo-
cladium atrum (1 x 10* conidia per ml) ( • ) or with water ( ). HeaÇfcy 
green leaves of plants in an experimental greenhouse were treated at day 0, 
detached from plants at the indicated sampling date, allowed to senesce 
during 28 to 42 days in the greenhouse, and subsequently incubated in a 
moist chamber (14 days, 18°C. The two treatments differed significantly (P 
< 0.05) at all assessment dates according to least significant difference 
tests. 
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treated leaves coverage of the leaf area with sporulating B. cinerea was 
42, 58, and 33% on the water-treated leaves but 12, 0, and 10% on U. 
arrum-trcatcd leaves, respectively. In the second experiment, no dif-
ference in fungal colonization was found for leaves that had been left 
senescing for 28 or 42 days in the greenhouse, and the data for such 
leaves were pooled for data analysis. Leaves were highly contaminated 
by B. cinerea inoculum produced on infected cyclamen plants present 
in the greenhouse, and sporulation of the pathogen was found on 84% 
of the area of leaves from the water control (mean of all sampling 
dates) (Fig. 5). B. cinerea sporulation was significantly reduced by the 
treatment with U. atrum compared with the water control for all sam-
pling dates. On average, 19% of the leaf area was covered with B. 
cinerea sporulation. The reduction in sporulation of B. cinerea by U. 
atrum ranged from 95% on leaves removed at day 0 to 56% on leaves 
sampled at day 70 after application of U. atrum conidia. 
DISCUSSION 
In our study, the regular application of conidia] suspetisions of U. 
atrum (1 x 106 conidia per ml) suppressed the incidence and severity 
of. B. Cinerea rot in cyclamen under commercial growing conditions. 
Increasing the intervals between applications of the antagonist from 2 
to 4 weeks in the second experiment resulted in similar levels of con-
trol on the basis of measurements of disease incidence and disease 
severity. Regular applications of conidia] suspensions of G. roseum (2 
x 10* conidia per ml) suppressed the disease half as effectively as U. 
atrum (experiment 1) and were similar to U. atrum treatments when 
applied with 1 x 107 conidia per ml (experiment 2). Such antagonist 
applications provided control at levels similar to those of the standard 
fungicide program used by the grower. 
Monitoring for fungicide resistance amongst the B. cinerea popula-
tions in the commercial greenhouse indicated that all evaluated popu-
lations were sensitive to prochloraz, tolylfluanid, iprodione, and chlo-
rothalonil. From these observations it can be concluded that the fungi-
cide program as applied in the commercial greenhouse was adequate to 
control B. cinerea. 
Both antagonists, V. atrum and G. roseum, were selected for their 
potential to suppress sporulation of Botrytis spp. on necrotic plant 
tissues (16). In the current experiments, it is likely that the coloni-
zation of the senescing leaves within the cyclamen canopy by the 
antagonists led to reduced saprophytic development by B. cinerea on 
such substrates, thus resulting in lower inoculum potential towards 
adjacent healthy petioles and leaves. Such a microbial exclusion of B. 
cinerea from naturally senescing leaves may be an efficient means for 
disease control in cyclamen and other crops in which naturally occur-
ring scnesccd leaf tissues play an important role in the buildup of 
Botrytis-inoculum (e.g., in geranium stock plants) (7). The exploitation 
of microbial interactions in necrotic tissues to prevent pathogen colo-
nization and spotulation has the advantage of a long period of inter-
action between pathogen and antagonist (4,12). 
The colonization and the subsequent sporulation of B. cinerea on 
necrotic leaf tissue results not only in a high inoculum potential within 
the canopy of individual plants, but also an increase in the spore load 
within the greenhouse. In our experiments, plots were small and were 
not separated by disease-free buffers, whereas other crops, also af-
fected by the pathogen, were present in the greenhouse. Suppression of 
sporulation of Botrytis spp. resulting in a lower spore load within a 
crop and in a slower disease progression was demonstrated by Kohl et 
al. (13) for onion leaf spot under field conditions. It is likely that 
microbial suppression of sporulation can be exploited for a similar 
disease control within a greenhouse when all potential sources of spore 
production within a greenhouse compartment are treated. The applica-
tion of antagonists such as V. atrum may then affect the spread of the 
disease within the canopy of the individual plant, as well as between 
plants. 
Further research is needed toward an increase of the interval be-
tween applications of the antagonists. In our study, we made a first 
attempt by spraying U. atrum at 4-week intervals. Our studies in the 
experimental greenhouse demonstrated that propagules of this an-
tagonist have the potential to survive on the surface of green leaves for 
at least 70 days under dry conditions. When such green leaves 
senesced 70 days after the antagonist application and thus became 
available as substrate for saprophytic colonization by both B. cinerea 
and U. atrum, propagules of the antagonist still had the potential to 
compete successfully with the pathogen. Because the amount of B. 
cinerea inoculum on the leaves was not standardized during the ex-
periments, the amount of suppression obtained with antagonist propa-
gules exposed to greenhouse conditions for different time periods 
cannot directly be compared. Experiments under commercial growing 
conditions with antagonist applications only to green leaves in an early 
growth stage of the cyclamen crop are needed, and may provide in-
formation as to whether propagule survival of U. atrum is sufficient 
for a persistent disease control during cyclamen production. Such early 
applications will reduce labor costs, especially because an overhead 
treatment of the plants will be sufficient to reach all surfaces. An indi-
vidual treatment of the heart of the plant, as is necessary for fungicide 
or antagonist app, on during the later developmental stage of the 
plants, then will not be necessary. An early application of U. atrum on 
plants before the dense canopy is formed also reduces the risk of black 
spots from dried droplets of the conidial suspension on marketable 
plants as found when plants are sprayed a couple of weeks before 
marketing. 
Applications of G. roseum (1 x 107 conidia per ml) resulted in the 
same level of control as applications of U. atrum (1 x 10" conidia per 
ml). Considering the small size of G. roseum conidia, the applied 
biomass does not exceed the applied biomass of U. atrum. Environ-
mental factors such as temperature and water availability may have a 
differential effect on the performance of the two antagonists. G. ro-
seum is more susceptible to interruptions of leaf wetness periods and 
less effi-cient against B. cinerea at temperatures below 21CC than is U. 
atrum (16, J. Kohl, unpublished data). This may explain the better 
control of B. cinerea sporulation by U. atrum than by a Gliocladium 
sp. under open field conditions (14). However, the microclimate within 
the canopy of a greenhouse-grown potted plant differs from that in the 
open field. It can be assumed that, besides periods of free water avail-
ability, the water potential of dead leaves is high enough to allow 
fungal growth during longer time periods within the dense cyclamen 
canopy as compared with the open field (15). Because G. roseum 
showed strong antagonistic activity against R. aclada under continu-
ously moist conditions even at a water potential of -6.6 MPa (15), this 
antagonist seems to be an attractive candidate for biological control of 
B. cinerea sporulation in greenhouse crops. 
The key environmental factors (e.g., temperature and water avail-
ability) affecting the efficacy of an antagonist in the cyclamen system 
have to be identified. This knowledge will help to predict the perform-
ance of the antagonist under the various environmental conditions 
occurring in practice. Such a system should reduce the application 
frequencies of the antagonist and lead to a reliable and environmen-
tally friendly control of B. cinerea in cyclamen and other omamental 
crops. 
ACKNOWLEDGMENTS 
This study was partly financed by the Dutch Product Board for 
Horticulture. We thank P. Schoneveld and G. Zwiers from Schoneveld 
Twcllo BX, Twello, the Netherlands, for providing greenhouse facili-
ties and technical support; P. F. G. Vereijken for statistical data analy-
sis; W. M. L. Molhoek and C. H. Lombaers-van der Plas for technical 
assistance; and N. J. Fokkema for fruitful and stimulating discussions. 
-58 
LITERATURE CITED 
1 Bollen, G. J. 1982._Fungicide resistance and microbial balance. Pages 
161-176 in: Fungicide Resistance in Crop Protection. J. Dekker and S. 
G. Georgopoulos, eds. Pudoc Agricultural Publishing and Documenta-
tion, Wageningen, the Netherlands. 
2. De Waard, M. A., Georgopoulos, S. G., Hollomon, D. W., Ihsii, H„ 
Leroux, P, Ragsdale, N. N., and Schwinn, F. J. 1993. Chemical control 
of plant diseases: Problems and prospects. Annu. Rev. Phytopathol. 
31:403-421. 
3. Elad, Y 1996. Mechanisms involved in the biological control of Botry-
tis cinerea incited diseases. Eur. J. Plant Pathol. 102:719-732. 
4. Fokkema, N. J. 1993. Opportunities and problems of control of foliar 
pathogens with inicro-organisms. Pestic. Sei. 37:411-416. 
5. Gullino, M. L. 1992. Chemical control of Botrytis spp. Pages 217-222 
in: Recent Advances in Botrytis Research. K. Verhoeff, N. E. 
Malathrakis, and B. Williamson, eds. Pudoc Scientific Publishers, 
Wageningen, the Netherlands. 
6. Hausbeck, M. K., and Pennypacker, S. P. 1991. Influence of grower 
activity on concentrations of airborne conidia of Botrytis cinerea 
among geranium cuttings. Plant Dis. 75:1236-1243. 
7. Hausbeck, M. K., Pennypacker, S. P., and Stevenson, R. E. 1996. The 
effect of plastic mulch and forced heated air on Botrvtis cinerea on ge-
ranium stock plants in a research greenhouse. Plant Dis. 80:170-173. 
8. Henseier, K. 1981. Fungizide beeinträchtigen den Ertrag. Möglich-
keiten der Botrytis-Bekämpfung bei Schnittcyclamen. Gartenbau Gar-
tenwirtschaft 81:382. 
9. lyozumi, H., Komagala, T., Hirayae, K., Tsuchiya, K., Hibi, T., and 
Akutsu, K. 1996. Biological control of cyclamen gray mould (Botrytis 
cinerea) by Serratia marcescens B2. Ann. Phytopathol. Soc. Jpn. 
62:559-565. 
10. Jacob, M. 1987. Bekämpfung bedeutender Schaderreger bei der Pro-
duktion von Cyclamen. Gartenbau 34:281-283. 
11. Kohl, J., Bélanger, R. R., and Fokkema, N. J. 1997. Interaction of four 
antagonistic fungi with Botrytis aclada in dead onion leaves: A com-
parative microscopic and ultrastructural study. Phytopathology 
87:634-642. 
12. Kohl, J., and Fokkema, N. J. 1997. Strategies for biological control of 
necrotrophic fungal foliar pathogens. Pages 49-88 in: Plant-Microbe 
Interactions and Biological Control. 0. J. Boland and L. D. 
Kuykendall, eds. Marcel Dekker, Inc., New York. 
13. Kohl, J., Molhoek, W. M. L., van der Plas, C. H., and Fokkema, N. J. 
1995. Suppression of sporulation ai Botrytis spp. as a valid biocontrol 
strategy. Eur. J. Plant Pathol. 101:251-259. 
14. Kohl, J., Molhoek, W. M. L., van der Plas, C. H., and Fokkema, N. J. 
1995. Effect of Ulocladium alrum and other antagonists on sporulation 
of Botrytis cinerea on dead lily leaves exposed to field conditions. 
Phytopathology 85:393-401. 
15. Kohl, J., van der Plas, C. H., Molhoek, W. M. L., and Fokkema, N. J. 
1993. Drought tolerance as a major selection criterium for antagonists 
of Botrytis spp. Pages 169-171 in: Biological Control of Foliar and 
PostHarvest Diseases. N. J. Fokkema, J. Kohl and Y. Elad, eds. 
IOBC/WPRS Bull. 16(11). 
16. Kohl, J., van der Plas, C. H.. Molhoek, W. M. L, and Fokkema, N. J. 
1995. Effect of interrupted leaf wetness periods on suppression of 
sporulation of Botrytis allii and B. cinerea by antagonists on dead 
onion leaves. Eur. J. Plant Pathol. 10 1 -627-637. 
17. Lacroix, L., and Gouot, J. M. 1981. Etude en serre de la résistance de 
Botrytis cinerea A 'Fiprodione. Med. Fac. Landbouww. Rijksuniv. 
Gent 46:979-989. 
18. McCullagh, R, and Neider, J. A. 1989. Generalized Linear Models. 2°* 
ed. Chapman and Hall, London. 
19. Pappas, A. C. 1982. Inadequate control of grey mould on cyclamen by 
dicarboximide fungicides in Greece. Z. Pflanzenkr. Pflanzenschutz 89: 
52-58. 
20. Reimherr, P. 1985. Atlas der Krankheiten und Schädlinge bei Cycla-
men, Gartenbau Gartenwirtschaft 85:1780-1790. 
21. Schlösser, E. 1978. Entwicklungsstadien von Alpenveilchenblattern 
(Cyclamen per«'cum)-Besiedlung durch Botrytis cinerea. Z 
Pflanzenkr. Pflanzenschutz 85:179-185. 
22. Sutton, J. C, Li, D.-W., Peng, G., Yu, H., Zhang, P., and Valdebenito-
Sanhueza, R. M. 1997. Gliocladium roseum, a versatile adversary of 
Botrytis cinerea in crops. Plant Dis. 81:316-328. 
23. Van Dommelen, L., and Bollen, G. J. 1973. Antagonisms between 
benomyl-resistant fungi on cyclamen sprayed with benomyl. Acta 
Botanica Neerlandica 22:169-170. 
1-59 
Biocontrol of Botrytis cinerea by Ulocladium atrum 
in Different Production Systems of Cyclamen 
J. Köhl, M. Gerlagh, and G. Grit, Plant Research International, P.O. Box 16,6700 AA Wageningen, the Netherlands 
ABSTRACT 
Köhl, J., Gerlagh, M., and Grit, G. 2000. Biocontrol of Botrytis cinerea by Ulocladium atrum in 
different production systems of cyclamen. Plant Dis. 84:569-573. 
Ten experiments in six different commercial greenhouses were conducted to study the effect of 
spraying conidial suspensions of the saprophytic fungus Ulocladium atrum (1 x 106 conidia per ml) on 
infection of leaves and flower petioles of cyclamen by Botrytis cinerea (gray mold). The greenhouses 
represented the range of Dutch growing systems of cyclamen, differing considerably in the 
arrangement of plants, irrigation system, heating system, and material of pots. Applications of U. 
atrum suspensions were carried out at 4-week intervals only twice on young plants or were continued 
during the whole growing season until 4 weeks before plants were marketable. The antagonistic 
treatments were compared with untreated or water-Lreated controls and with fungicide applications as 
applied by growers. After applications of U. atrum at 4-weeks intervals, disease development was 
significantly reduced in experiments carried out in five different greenhouses. In no case did 
treatments with fungicides give better control than U. atrum treatments. Two applications of U. atrum 
resulted in sufficient control when plants were marketed within 60 days after the last application. In 
one greenhouse with an extremely high disease pressure, neither U. atrum nor fungicide applications 
controlled leaf rot. In additional experiments, the fate of U. atrum conidia on leaves of cyclamen 
grown in a system with top-irrigation three times per week was studied during a period of 70 days. 
The number of conidia per square centimeter of green leaves declined by 50% during the first 10 days 
of the experiment but remained stable during the following 60 days. The percentage of germinated 
conidia on green leaves increased during the experiment to approximately 50%. After additional incu-
bation of leaf samples in moist chambers, more than 75% of the conidia had germinated, indicating 
that viable inoculum was present on leaves during the whole experiment. Artificial necrosis of leaves 
was induced by removing leaves from the plants. U. atrum colonized these leaves and competed 
successfully with B. cinerea on such leaves, even when they had been removed 70 days after the U. 
atrum application. Our results show that U. atrum has the potential to control leaf rot of cyclamen 
under a broad range of commercial growing conditions. 
Botrytis cinerea causes leaf and fruit in-
fections in numerous crops, including or-
namentals. Its control in many ornamental 
crops depends on fungicides, but is often 
restricted because of the threat of develop-
ment of fungicide resistance by the pathogen 
(1,5,11), negative side effects of fungicides on 
plant growth, or visible residuals on plant 
surfaces (6). Alternatively to fungicides, 
antagonists can be utilized to achieve disease 
control. Biocontrol of B. cinerea by yeasts, 
bacteria, and filamentous fungi has been 
found.in many crops (2). 
Corresponding author J. Kohl 
E-mail: j.kohl@plant.wag-uml 
Funding for this study was provided by the 
Dutch Product Board for Horticulture and the tc 
Ministry of Agriculture, Nature Management and 
Fisheries. 
Accepted for publication 10 January 2000. 
Publication no. D-2000-0323-01 R 
© 2000 The American Phytopathologie^ Society 
The saprophytic fungus Ulocladium atrum 
has the potential to compete saprophytically 
with Botrytis spp. during the colonization of 
necrotic plant tissues (9). The inoculum po-
tential of B. cinerea can be reduced by 
antagonistic interaction, leading to slower 
disease epidemics (8). Its high ecological 
competence makes U. atrum an attractive 
candidate for applications in fields and 
greenhouses (3,10). 
In cyclamen (Cyclamen persicum), natu-
rally senesced leaves within the dense canopy 
play a crucial role in Botrytis epidemics. 
Since healthy leaves are normally resistant to 
conidial infections (12), B. cinerea depends 
on dead tissues for initial entry into the plant. 
Stimulated by this food base, the inoculum, 
potential of the pathogen increases within the 
canopy of the single plant to such a level that 
healthy petioles and leaf blades can then be 
infected. The resulting gaps in the canopy 
reduce the ornamental value of the plant or 
lead to complete plant loss. Such losses are 
common, especially during the autumn pro-
duction when environmental factors, such as 
high humidity, favor the disease. 
In the cyclamen system, biocontrol of B. 
cinerea by U. atrum can be achieved by 
competitively excluding the pathogen from 
colonizing necrotic leaves present within the 
cyclamen canopy. This was recently shown by 
Kohl et al. (7). In their study, repeated 
applications of conidial suspensions of U. 
atrum controlled the disease as effectively as 
the grower's standard fungicide program. 
These experiments were carried out in a 
commercial greenhouse, where potted plants 
on tables were subirrigated by capillary 
matting. No top-irrigation was used. 
However, cyclamen are produced in a 
variety of different growing systems, includ-
ing those with top-irrigation. The purpose of 
our study was to investigate the potential of 
U. atrum for B. cinerea control in the broad 
range of commercial growing conditions used 
in cyclamen production in the Netherlands. It 
was not intended to compare the effect of 
different growing systems or cultivate on B. 
cinerea development. Experiments on an-
tagonist survival in top-irrigated crops com-
pleted the studies on biocontrol in the various 
production systems. It was hypothesized that 
frequent top-irrigation may adversely affect 
antagonist efficacy since conidia may be 
washed off leaf surfaces. Furthermore, ger-
minated conidia may become exhausted 
during frequent wet-dry periods, each possi-
bly not long enough for conidia to germinate 
and colonize necrotic tissues. 
MATERIALS AND METHODS 
Inoculum production. Conidia of U 
atrum isolate 385, originating from a necrotic 
onion leaf tip (10), were produced on oat 
grains in autoclavable mushroom spawnbags 
(Type 3LS; Van Leer Ltd., Poole, Dorset, 
UK) and conidial suspensions containing 1 x 
106 conidia per ml were prepared as described 
by Köhl et al. (7). 
Plants. Cyclamen were seeded in trays 
with soil plugs and transferred at approxi-
mately 10 weeks to individual pots containing 
commercial potting soil. 
Plants were 77 to 168 days old at the be-
ginning of the experiments. At that stage, the 
oldest leaves were beginning to senesce, and 
plants were almost free from symptoms of B. 
cinerea. Only plants in greenhouse 3 had 
exceptionally high numbers of necrotic leaves 
(approximately 0.5 per plant), and symptoms 
of B. cinerea were found on approximately 
25% of the plants. Varieties used in the indi-
vidual experiments are shown in Table 1. 
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Table I. Effect of treatments of cyclamen with Ulocladium atmm or fungicides on Botrytis cinerea disease 
development (AUDPC) and.disease manifestation at marketable age" 
Treatment 
Greenhouse 1 ; cv. Laser1 
Untreated 
Tween-water 
U. atrum 2x 





U. atrum 2x 
V. atrum 5x 




U. atrum 2x 
V. atrum 4x 
Greenhouse 4; cv. Anglia" 
Untreated 
Tween-water 
U. atrum 2x 
U. atrum 4x 
Greenhouse 4; cv. Miracle* 
Untreated 
Tween-water 
U. atrum 2x 
V. atrum 3x 




V. atrum 2x 
U. atrum 3x 
Greenhouse 5; cv. Sierra* 
Untreated 
Tween-water 
U. atrum 2x 
U. atrum 3x 






























































































































o U. atrum was applied as conidial suspension containing 0.0 1 % Tween 80 with 1 x 106 conidia per ml. The 
water control contained 0.01% Tween 80. No data provided for three experiments in greenhouse 6, where 
U atrum or fungicides were not effective, 
p Disease incidence (DI) measured as the percentage of plants with B. cinerea symptoms. 
q Disease severity (DS) measured as the number of leaves or flower petioles per plant with B. cinerea 
symptoms, 
r Experiment started with 168-day-old plants, and plants were marketable at 224 days. U atrum and 
Tween-water were applied at plant ages 168 and 196 days (U atrum 2x). 
s Not determined because DI and DS were assessed only three times. 
t Values of the same experiment within one column with a common letter do not differ statistically (P > 0.05). 
u Experiment started with 77-day-old plants, and plants were marketable at 189 days. V atrum was applied at 
plant ages 77 and 105 days (£/ atrum 2x) or 77,105,136, and 163 days (Vatrumix). Tween-water was 
applied at ages 77,105,136, and 163 days. Carbendazim plus ditbiofencarb (as Sumico at 1 g/liter; at 250 g 
a.i./kg and 250 g a.i./kg, respectively), iprodione (as Rovral at 1 ml/liter, at 500 g a.i./liter), and iprodione 
were applied in rotation at ages 111,125, and 153 days, respectively. 
v Experiment started with 133-day-old plants, and plants were marketable at 263 days. U. atrum was applied 
at plant ages 133 and 157 days (£/. atrum 2x) or 133,157,184, 211, and 240 days (U. atrum 5x). 
Tween-water was applied at ages 133,157,184,211, and 240 days. Iprodione (as Rovral with 1 ml/liter, at 
500 g a.i./liter) was applied at 149 days. 
w Experiment started with 126-day-old plants, and plants were marketable at 229 days. U. atrum was applied 
at plant ages 126 and 154 days (t/airum 2x) or 126,154,182, and 208 days ((A atrum**.). Tween-water 
was applied at ages 126,154,182, and 208 days, 
x Experiment started with 119-day-old plants, and plants were marketable at 1% days. U. atrum was applied 
at plant ages 119 and 147 days (£/. atrum 2x) or 119,147, and 175 days ({/. atrum 3x). Tween-water was 
applied at ages 119, 147, and 175 days. 
y Experiment started with 140-day-old plants, and plants were marketable at 214 days. U. atrum was applied 
at plant ages 140 and 167 days ((ƒ. atrum 2x) or 140, 167, and 195 days (U. atrum 3x). Tween-water was 
applied at ages 140,167, and 195 days. Tolylfiuanid (as Euparene M at 1 g/liter; at 500 g a.i./kg) was 
applied at 147 days. 
z Experiment started with 140-day-old plants, and plants were marketable at 222 days. U. atrum was applied 
at plant ages 140 and 167 days (U. atrum 2x) or 140, 167, and 195 days ({/. atrum 3x). Tween-water was 
applied at ages 140,167, and 195 days. 
Growing conditions. Ten experiments 
were carried out in six different commercial 
greenhouses located in western and central 
Netherlands. In all greenhouses, the minimum 
temperature during daytime was set at 
approximately 14°C and during nighttime at 
approximately 16°C as is usual in the Dutch 
cyclamen production system. 
The growing systems in the different 
greenhouses differed considerably in the 
arrangement of plants, irrigation system, 
heating system, and type of material used for 
pots (Table 2). In all greenhouses, plants were 
irrigated two to three times per week. During 
the experiments, plant spacing was increased 
to avoid touching of leaves of different plants, 
except in greenhouse 6, where spacing was 
not increased during the last 50 days of the 
experiments. Under these conditions, leaves 
of neighboring plants touched each other and 
formed a dense canopy layer. Plants with the 
"first flowers open were considered 
marketable, except for those in greenhouse 3, 
where the first flowers were removed and 
plants were left in the greenhouse for an 
additional 30 days. 
Treatments. In most experiments, five 
treatments were arranged in a randomized 
complete block design, with each treatment 
replicated four times. Each replication of a 
treatment consisted of 24 plants arranged in 
three or four rows. Between treatments, one 
untreated row of plants served as a buffer. The 
treatments consisted of spraying the plants 
with: (i) tap water containing 0.01% (vol/vol) 
Tween 80; (ii) the fungicide program as 
applied by the grower in his commercial 
growing system (as described in Table 1); (iii) 
inoculation with conidial suspensions of U. 
atrum twice (at the beginning of the 
experiment and approximately 28 days later); 
(iv) inoculation with conidial suspensions of 
U. atrum at intervals of approximately 28 
days from the beginning of the experiment 
until approximately 28 days before plants 
were marketable; and (v) untreated plants that 
served as controls. No fungicide treatments 
were made in greenhouses 1 and 4 and in one 
of the two experiments in greenhouse 5. In 
these cases, data of untreated plants that had 
been planned for fungicide treatments are not 
presented. In the experiment in greenhouse 1, 
the two different spraying strategies for the 
antagonist did not differ since the plants were 
marketable within 8 weeks after the beginning 
of the experiment. In this ease, data of the U. 
atmm application at 4-week intervals are not 
presented. 
Fungicides applied by different growers 
were Euparene M (1 g/liter, tolylfiuanid at 
500 g a.iAg; Bayer AG, Leverkusen, Ger-
many); Daconil M (1 g/liter, chlorothalonil at 
250 g a.iVkg and maneb at 500 g a.i/kg; 
AgrEvo, Frankfurt, Germany); Rovral (1 ml/ 
liter, iprodione at 500 g a-iTliter, Rhone 
1-61 
Poulenc Agrochemie, Lyon, France); or 
Sumico (1 g/liter, carbobenzadrin at 250 
a.i./kg and diethofcncarb at 250 g a.i./kg; 
AgrEvo). 
Application dates for experiments in green-
houses 1 to 5 are given in Table 1. In 
greenhouse 6, three experiments were carried 
out, each with a different cultivar. Plants were 
126 days old at the beginning of the 
experiment and were marketable within 254 
days. V. atrum was applied at plant ages of 
126 and 150 days or at 126, 150, 177, 206, 
and 233 days. Tween-water was applied at 
plant ages of 126, 150, 177, 206, and 233 
days. Chlorothalonil and mancozeb (as 
Daconil M at 1 g/liter) were applied at plant 
ages of 143 and 168 days, and iprodione (as 
Rovral at 1 g/liter) was applied at 190 and 240 
days. 
Application technique. Water and antago-
nist suspensions were applied with a 
propane-operated sprayer (AZO, Ede, the 
Netherlands) at 250 kPa. Fungicides were 
applied by growers using motor-operated 
sprayers. During spraying, frames with poly-
ethylene were placed around each treatment to 
prevent drift to neighboring plants. The 
canopies of individual plants were sprayed 
until runoff. Later, when the canopy of plants 
became very dense, the spray nozzle was also 
placed inside the canopy to reach all surfaces 
of leaves, petioles, and the tuber with the 
suspension. Growers also use this technique 
for fungicide applications. 
Assessments. In each experiment, disease 
was assessed on days when U. atrum was 
applied, and a final assessment was made 
approximately 28 days after the last treatment, 
when plants were marketable. The numbers of 
leaves or flower petioles with sporulation of 
iî. cinerea were recorded for each plant. From 
these data, the percentage of plants with 
disease symptoms of B. cinerea (disease 
incidence, DI) and the number of diseased 
leaves and flower petioles per plant (disease 
severity, DS) were calculated. 
Survival of U. atrum conidia on top-
irrigated green leaves of cyclamen plants and 
competitive colonization of senesced leaves 
by B. cinerea and U. atrum. Fifty 20-
week-old potted cyclamen plants (cv. Super 
Serie) were grown in a greenhouse at 20 ± 
3°C and 65 + 20°C relative humidity (RH). 
Pots were placed on a table on capillary mats. 
Petioles of fully developed leaves were 
labeled with colored, plasticcoated iron rings. 
Water was applied by top-irrigation using a 
sprinkler. Plants were irrigated at 
approximately 1 liter/m2 at a intervals of 2 to 
3 days. Experimental plots consisted of five 
plants, each sprayed with a conidia] 
suspension of U. atrum (prepared as described 
above) or tap water containing 0.01% Tween 
80. The experiment was arranged in a 
randomized complete block design, with each 
treatment replicated five times and the 
experiment repeated once. 
Three labeled leaves per replicate were 
sampled at day 0, 2, 4, 7, 10, 14, 21, 28, 42, 
56, and 70 after spraying. Conidia! density 
and conidial germination of U. atrum directly 
after sampling and after additional incubation 
in a moist chamber at 24°C for 8 h were deter-
mined on one leaf per replicate at each of the 
sampling dates as described by Kohl et al. (7). 
The other two leaves sampled per replicate at 
each of the sampling dates were placed in 
open petri dishes on two dry filter papers. 
Petri dishes were arranged in blocks in the 
greenhouse as previously described for plants 
but were not irrigated. Forty-two days after 
sampling, when all these leaves had senesced, 
0.75 in] of sterile tap water was added to the 
filter paper in each petri dish, and the closed 
petri dishes were transferred to an incubator. 
Leaves were incubated for 14 days in the dark 
at 18°C. Thereafter, the coverage of the leaf 
area with conidiophores of B. cinerea was 
estimated as described by Kohl et al. (7). 
Statistics. Linear logistic regression was 
employed to explain the percentage of DI in 
response to the classifying variable: replicate 
and treatment Log-linear regression models 
with the same classifying variables were fitted 
to the data on the number of diseased leaves 
and flower petioles per plant (DS). Overall 
effects of replicate and treatment were 
assessed using F tests for the ratio of the mean 
deviance for the particular effect and the mean 
residual deviance. In cases where F tests were 
significant (P < 0.05), treatment means on the 
logit or log-scale were separated by two-sided 
I tests (P < 0.05), corresponding to least 
significant difference (LSD) tests for normally 
distributed data. 
Area under disease progress curves 
(AUDPC) for DI and DS were analyzed by 
ANOVA. ANOVA was also employed on 
angular-transformed data on sporulation of B. 
cinerea on dead leaves of the experiment on 
the survival of U. atrum inoculum. 
Significant F tests (P < 0.05) were followed 
by two-sided LSD tests (P < 0.05) for testing 
pairwise differences between treatment 
means. 
All analyses were performed with the 
Gcnstat 5 program (Numeral Algorithms 
Group Inc., Oxford, UK). 
RESULTS 
Disease control. Gray mold occurred in all 
10 experiments. DI at marketing ranged 
between 41 and 87% in the untreated controls 
for experiments carried out in greenhouses 1 
to 5 (Table 1), and was above 90% in the 
three experiments carried out in greenhouse 6 
(data not shown). The experiments were not 
designed to compare the effect of different 
growing systems or cultivars on B. cinerea 
development; therefore, no conclusions can be 
drawn about the reasons for such a variable 
level of disease between experiments. 
When U. atrum was applied at 4-week 
intervals, DI at marketing was significantly 
lower than in the water controls in seven of 
the 10 experiments. In the three experiments 
carried out in greenhouse 6, five U. atrum 
applications at 4-week intervals showed no 
effect. DS at marketing ranged between 0.8 
and 11.0 in the untreated controls in the 10 
experiments, with exceptionally high values 
above 7.0 in greenhouse 6. A significant 
reduction in DS after four weekly applications 
of U. atrum was found for five experiments. 
Again, there was no effect by U. atrum in 
greenhouse 6. The application of U. atrum 
twice at the beginning of the experiment was 
less effective on DI and DS at marketing 
when compared with applications at 4-week 
intervals when crops were marketed more 
than 60 days after the second treatment 
(greenhouses 2,3,4, and 6). Significant effects 
of U. atrum applications were found on the 
disease progression as expressed by AUDPC 
for both DI and DS in five of the nine 
experiments where AUDCP could be deter-
Table 2. Growing systems in greenhouses 1 to 6 















Tables; from plant age 150 days on gutters 
Ground on polyethylene foil; from 190 
days on gutters 
Tables 
Tables 
Ebb and flow 
Capillary matting 
Top-imgation; from plant age 150 
intermittent flow irrigation 
Top-irrigation; from plant age 190 
intermittent flow irrigation 
Capillary mating plus top-irrigation 
Capillary mating plus top-irrigation 
Additional tubes 30 cm above plants 
Additional tubes 30 cm above plants 
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Fig.l. Density of conidia of Ulocladium alrum on green leaves of cyclamen plants (cv. Super Serie) 
under greenhouse conditions with top-irrigation three times per week (O = experiment 1; • = experi-
ment 2). Leaves were sprayed with a conidial suspension (1 x 106 conidia per ml) at day 0. Means + 
standard errors of the mean of five leaves (replicates) per assessment date. 
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Fig. 2. Germination of conidia of Ulocladium alrum on green leaves of cyclamen plants (cv. Super 
Serie) under greenhouse conditions with top-irrigation three times per week. Leaves were sprayed with 
a conidial suspension (1 x 106 conidia per ml) at day 0. Germination was assessed directly after 
sampling (A = experiment 1; • = experiment 2) or after incubation in moist chamber at 24°C for 8 h 
O = experiment 1; • = experiment 2). Means + standard errors of the mean for 100 conidia on each 
of five leaves (replicates) per assessment data. 
mined. The significant effects of only two 
applications of U. atrum at the beginning of 
the experiments were found more often on 
disease development than on DI and DS 
marketing. Fungicide applications reduced DI 
and DS at marketing and AUDPCs signi-
ficantly in greenhouse 2, but not in green-
house 3, 5 and 6. In no case did fungicide 
applications give better control than U. atrum 
applied at 4-week intervals. 
Survival of U. atrum conidia on cyclamen 
leaves. Densities of V. atrum conidia on green 
cyclamen leaves were 6,900 and 6,700 
conidia per cm2 at the beginning of the experi-
ment 1 and 2, respectively. Densities de-
creased to 1,700 and 3,500 conidia per cm2 
during the first 10 days of the two experi-
ments and thereafter remained relatively 
stable (Fig. 1; data presented as Log 10 num-
bers). At the end of both experiments, approxi-
mately 3,000 conidia per cm2 were found. On 
untreated leaves, densities were below 1 
conidium per cm2 for all sampling dates. 
The percentage of conidia germinated on 
the green leaves under greenhouse conditions 
increased during both experiments to a level 
of approximately 50% (Fig. 2). After an addi-
tional incubation of the sampled leaves in a 
moist chamber, the percentage of germinated 
conidia increased to approximately 75% for 
most sampling dates with no reduction in per-
centages at the end of the experiment. 
Formation of new conidia of U. atrum on the 
leaf surfaces was not observed. 
Competitive colonization of dead leaves 
by B. cinerea and V. atrum. In both 
experiments, for all sampling dates, dead 
leaves were naturally contaminated in the 
greenhouse with B. cinerea, resulting in a leaf 
coverage with sporulating B. cinerea after 
incubation in a moist chamber ranging from 
17.5 to 59.9% on leaves not treated with U. 
atrum (Fig. 3A). Significantly less (P < 0.05) 
B. cinerea sporulation was found on U. 
a'rum-treated leaves for all sampling dates, 
except for leaves sampled 70 days after U. 
atrum application in experiment 1. The effi-
cacy of the U. atrum treatment was highest on 
leaves sampled at the beginning of the ex-
periment, with 100 and 97% for experiments 
. 1 and 2, respectively. (Fig. 3B). Thereafter, 
efficacy ranged between 51 and 96%, except 
for the last sampling date of experiment 1, 
where efficacy was only 29%. 
DISCUSSION 
In an earlier study, U. atrum showed 
significant potential to control B. cinerea in 
commercially grown cyclamen (7). These 
results were all obtained in the same green-
house, where no top-irrigation was applied. 
Results presented in our study confirmed 
these findings but add essential novel infor-
mation on the potential of the antagonist in a 
variety of cyclamen growing systems. 
At the beginning of the study, it was 
hypothesized that U. atrum may be less 
effective in situations where top-irrigation is 
applied, since conidia may be washed off. 
Furthermore, top-irrigation, especially in 
combination with capillary matting, results in 
a higher relative humidity within the canopy 
and thus may favor B. cinerea (4). On the 
other hand, during periods with low relative 
humidity in the greenhouse, top-irrigation will 
result in leaf wetness periods of only a few 
hours, allowing conidia of V. atrum to 
germinate. Under these alternating conditions, 
such germinated conidia may become ex-
hausted after several wet-dry cycles because 
of insufficient nutrient supply and thus be 
lost. 
The results of the experiments in the dif-
ferent commercial greenhouses show that U. 
atrum controls B. cinerea when sprayed at 4-
weeks intervals, except when the disease 
pressure of B. cinerea was extremely high, as 
in greenhouse 6. Under such conditions, even 
fungicide applications did not control the 
disease. 
No indications were found that top-irriga-
tion, as applied in greenhouse 3,4,5, and 6, 
affected the efficacy of U. atrum applications. 
This finding is in line with the results obtain-
ed in experiments where the survival of U. 
atrum conidia in the cyclamen canopy was 
monitored in a growing-system with top-
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Fig. 3. Effect of an Vlocladium atrum treatment on sporulation of Botrytis cinerea on dead cyclamen 
leaves. Green leaves of cyclamen plants were sprayed with conidial suspension of U. atrum (\ x 106 
conidia per ml) at day 0 and kept under greenhouse conditions with top-irrigation three rimes per 
week. Leaves were detached from plants at the indicated sampling date, allowed to senesce during 42 
days in the greenhouse (not irrigated) and exposed to natural deposition of B. cinerea coniclia, and 
subsequently incubated in a moist chamber (14 days, 18X). (A) Percent leaf area with B. cinerea 
sporulation on dead cyclamen leaves treated with V. atrum Ù = experiment 1 ; • = experiment 2) or 
with TWeen-water ( • = experiment 1 ; • = experiment 2). The two treatments differed significantly (P 
< 0.05) at all assessment dates according to LSD, except for the last sampling date for experiment 1. 
(B) Efficacy of V. atrum treatment in B. cinerea control ( • = experiment 1; • = experiment 2). 
irrigation. Under these conditions, a signifi-
cant part of the conidia had the ability to 
attach to green leaves of cyclamen and to 
survive. Antagonistic activity of U. atrum 
propagules against B. cinerea was found in 
necrotic tissue when conidia had been sprayed 
onto green leaves 10 weeks before necrosis 
was induced by removing leaves from plants. 
Given that leaves were allowed to senesce 
slowly under dry conditions during the 6 
weeks after removal from the plant, U. atrum 
retained its antagonistic potential for a total of 
16 weeks after application. These findings on 
the persistence of U. atrum propagules 
confirm results obtained in lilies in the open 
field. In those experiments, antagonistic 
activity of U. atrum was also found at the end 
of the experiment, 3 weeks after application 
of the antagonist (3). 
Further research on U. atrum applications 
in cyclamen will concentrate on the optimiza 
tion of spraying intervals and trations. This 
information may help to develop an 
economically feasible biological control based 
on U. atrum. Furthermore, information on the 
compatibility of U. atrum with fungicides is 
needed. The combined application of the 
antagonist with compatible fungicides may 
further improve disease control. With such an 
integrated approach, disease control may also 
be possible in situations with a high disease 
pressure (as in greenhouse 6) or when B. 
cinerea already is established in the canopy 
before the first applications are carried out (as 
in greenhouse 3). 
ACKNOWLEDGMENTS 
We thank the Dutch Study Club of Cyclamen 
Growers for supporting experiments in green-
houses of several members. We gratefully 
acknowledge N. J. Fokkema for stimulating dis-
cussions, W M. L. Molhoek for technical assis-
tance, and P. F. G. Vereijken and E. van 
Remonel for statistically analyzing the data. 
LITERATURE CITED 
1. Bollen, G. J., and Schollen, G. 1971. Ac-
quired resistance to benomyl and some other 
fungicides in a strain of Botrytis cinerea in 
cyclamen. Neth. i. Plant Pathol. 77:83-90. 
2. Elad, Y. 1996. Mechanisms involved in the 
biological control of Botrytis cinerea incited 
diseases. Eur. J. Plant Pathol. 102:719- 732. 
3. Elmer, R A. G., and Kohl, J. 1998. The sur-
vival and saprophytic competitive ability of 
the Botrytis spp. antagonist Vlocladium 
atrum in lily canopies. Eur. J. Plant Pathol. 
104:435-447. 
4. Grantzau, E., and ter Hell, B. 1993. Botrytis 
bei Cyclamen. Einfluss von Bewässerungs-
system, Düngung oder Substrat Gartenbau 
Gartenwirtschaft 93:542-543. 
5. Gullino, M. L. 1992. Chemical control of 
Botrytis spp. Pages 217-222 in: Recent Ad-
vances in Botrytis Research. K. Verhoeff, N. 
E. Malathrakis, and B. Williamson, eds. Pu-
doc Scientific Publishers, Wageningen, 
Netherlands. 
6. Henseler, K. 1981. Fungizide beeinträch-
tigen den Ertrag. Möglichkeiten der Botry-
tis Bekämpfung bei Schnittcyclamen. Gar-
tenbau Ganenwinschaft 81:382. 
7. Kohl, J., Gerlagh, M., De Haas, B. H., and 
Krijger, M. C. 1998. Biological control of 
Botrytis cinerea in cyclamen with Vlocla-
dium atrum and Gliocladium roseum under 
commercial growing conditions. 
Phytopathology 88:568-575. 
8. Kohl, J., Molhoek, W M. L., van der Plas, 
C.H., and Fokkema, N. J. 1995. Suppression 
of sporulation of Botrytis spp. as a valid bio-
control strategy. Eur. J. Plant Pathol. 
101:251-259. 
9. Kohl, J., Molhoek W. M. L., van der Plas, 
C.H., and Fokkema, NJ. 1995. Effect of 
Vlocladium atrum and other antagonists on 
sporulation of Botrytis cinerea on dead lily 
leaves exposed to field conditions. Phytopa-
thology 85:393-401. 
10. Kohl, J., van der Plas, C. H., Molhoek, 
W.M.L., and Fokkema, N. J. 1995. Effect of 
interrupted leaf wetness periods on suppres-
sion of sporulation of Botrytis affli and B. 
cinerea by antagonists on dead onion leaves. 
Eur. J. Plant Pathol. 101:627-637. 
11. Pappas, A. C. 1982. Inadequate control of 
grey mould on cyclamen by dicarboximide 
fungicides in Greece. Z. PflanzenKrankh. 
Pflanzenschutz. 89:52-58. 
12. Schlösser, E. 1978. Entwicklungsständen 
von Alpenveilchenblittem (Cyclamen persi-
cum) -Besiedlung dutch Botrytis cinerea. Z 
PflanzenKrankh. Pflanzenschutz. 85:179-
185. 
